This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


r  — 


f   Jigitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


^ 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


iniiiiiiiiiiriianiiii! 


TRANSACTIONS  OF  THE 

Ammran 


I  Proceedings  oi  the  | 

^^  I  Twenty-fourtk  Annual  Meeting  | 

I  PHILADELPHIA.    PA.  | 

I  September  29  to  October  3,  1919  I 


VOLUME  XXVIII 


Edited   by 

H.  COLE  ESTEP 

/  and 

^  EARL  L.  SHANER 


Published  by  the  American    Foundrymen's   Association      i 

Chicago,  111.  i 

1920  I 

Jigitized  by  V^OOQ IC 


■■;HE  M-v.  ^  ?^     i 

Pi  Bhic::i-"..  ^^  ' 
22957A     '■ 


I 


Entered  according  to  Aa  of  Congress 

by  the 

AMERICAN  FOUNDRYMEN'S  ASSOCIATION 

in  the  office  of  the  LibrariaD  of  Congress 

at  Washington.  D.  C. 


The  Americam  Foundrymen's  AasociATioM  ah  a  body,  is  not  responsible 
for  the  statements  and  opinions  advanced  in  its  publications. 

•    .*  Digitized  by  VjOOQ IC 


Table  of  Contents 


PAGE 

Annual  Address,  A.  O.  Backert,  President,  American   Foundry- 
men's    Association     1 

Annual  Report  of  the  Board  of  Directors 10 

Annual  Report  of  the  Secretary-Treasurer 27 

Address    of    Welcome 36 

The    Crisis    40 

Report  of  A.   F.  A.  Committee  on   Safety,   Sanitation   and   Fire 

Prevention    48 

Uniform  Costs  in   the   Foundry   Industry     51 

Report  of  the  A.  F.  A.  Committee  on  Foundry  Costs 62 

Discussion     64 

Cost     Accounting    System — American     Foundrymen's     Associa- 
tion, Inc 65 

Industrial  Democracy  and  the   Foreman 145 

Training    Men    for    Foundry    Work 159 

V^ocational   Training   for   Foundry    Occupations 168 

Personal   Problems  of  Modern    Industry 185 

Discussion — Industrial    Relations 192 

The  Need  for  Co-operative  Research  in  Alloys 196 

The  One  Best  Way  to  Do  Work 205 

Comparison    of    Costs    of    Electric    and    Open-Hearth    Furnace 

Practice    210 

Discussion — Costs    of   Electric   and    Open-Hearth    Practice 217 

Electric  Versus  Converter  Steel 219 

The  Effect  of  Sulphur  on  Steel  Castings 224 

Discussion — The  Effect  of  Sulphur  on  Steel  Castings 228 

The   Acid   Electric   Furnace   Process 232 

Discussion     238 

Comparison   of   Existing  Methods   of   Measuring  the   Tempera- 
ture  of  Molten   Steel 241 

Discussion — Comparison  of  Methods  of  Measuring  Temperature  249 

Report  of  Committee  on  Steel  Foundry  Standards 252 

Discussion     256 

Some  Needs  of  the  Malleable  Iron  Industry 257 


in 


Digitized  by  VjOO^ IC 


iv  American  Foundry  men's  Association 

PAGE 

Effects  of  Annealing  Gray  and  Malleable  Iron  Bars  in  Copper 

Oxide  Packing    261 

Discussion     , 269 

The    Application    of    Powdered    Coal    to    Malleable    Annealing 

Furnaces 270 

Efficient  Use  of  Pulverized  Coal  in  Malleable  Foundry  Practice  277 

Powdered  Coal  as  a  Fuel  in  the  Foundry 303 

Discussion — Use  of  Powdered   Coal  in   Malleable   Iron   Found- 
ries     '. 313 

Melting  in  Air  Furnace  with   Fuel   Oil 316 

The   Refining  of   Cupola   Malleable   Iron  in  the   Electric   Fur- 
nace      322 

Relation    Between    Machining   Qualities    of    Mallealble    Castings 

and  Physical  Tests   330 

Discussion    338 

A  Note  on  Britain's  Experimental  Foundry 343 

Report  of  A.  F.  A.  Committee  on  Specifications  for  Malleable 

Iron   Castings    345 

The  Elimination  of  Strains  in  Iron  Castings 346 

Discussion — Eliminating  Strains  in  Iron  Castings 348 

The  Electric  Furnace  as  an  Adjunct  to  the  Cupola 352 

Discussion    361 

The  Side  Blow  Converter  in  the  Iron  Foundry 363 

Cerium    in    Cast    Iron 36ii 

Discussion — Cerium  in  Cast  Iron 374 

Considerations  Affecting  Brass  Melting  in  the  Gray  Iron  Shop  375 
Weeks'    Electric    Rotating    Furnace    as    Applied    to    the    Brass 

Foundry    Industry    388 

The   Care   of   Foundry   Equipment * 396 

The  Economical  Control  and  Handling  of  Patterns  in  a  Large 

Foundry     402 

How  to  Secure  Best  Results  in  Combining  Hoisting  Apparatus 

with  Molding  Equipment  408 

Foundry  Sand   Handling   Equipment 417 

Discussion — Foundry  Sand  Handling  Equipment 42^ 

The  Value  of  a  Scrap  Pile 435 

Discussion    444 

Concrete    Molding    Floors 447 

Discussion — Molding   Floors    455 

Audible    Signals    in    Foundries 457 

Discussion — Audible    Signals     464 

The  Testing  of  Clays  for  Foundry  Uses 465 

Discussion — Testing  Clays  for  Foundry  Use 477 

Refractory  Cements    479 

Repairing  the  Broken  Stern  Post  of  the  Northern   Pacific 481 


Digitized  by  VjOO^ IC 


Table  of  Contents  v 

PAGE 

Progress  in  the  Application  of  Electric  Arc  Welding 491 

A  New  Cutting  Gas 496 

Welding  Castings  of  Different  Metals  and  Different  Sections..  500 

Discussion— Welding   of  Castings 504 

Report  of  Committee  on  Promotion  and  Membership 509 

Publicity   Work   of   Foundry   Equipment   Manufacturers'   Asso- 
ciation      514 

Registered   Attendance    516 

Index    560 


Digitized  by  VjOOQ IC 


List  of  Illustrations 


CHAKT   SUOWUfO   GftOWTH  IN   MiMBBRSHJP   OK   AUBUCUT   FOVRDaTMBK'B    AUOCUTION.  .      28 

RiLATiON  OP  NtriftiR  or  Apphknticss  to  Kumbbb  op  Skilled  Workmen 160 

TTPIC4L    RbCOW    CARb    USBO    IN    UPORADlNO    STSTKMS 162 

Standard    Carbon-Irok    Curve 242 

DuoRAM  OP   Oil  Meter 253 

Flo.    1 — HicROQRAPH   OP   Malleable   Iron   Which   Contains   More   Than    20   Per 

Cent    Copper    • 262 

FiQ.    S — Cross-Section   op   a    Malieable    Iron    Bar   Annealed    in    Copper    Oxide 

Packing    262 

Fio.  3 — Micrograph  op  Outside  F.dce  op  Bar  Shown  in   Fio.   2 — Note  Pearlite 

IN  Center    263 

Fio.  4 — Shows  the  Divtoinu  Line  Between  a  and  B  Fig  2 264 

Fio.   5 — Micrograph  From  the  Center  op  Bar,  Fiu.   2 — Note  the  Large  Patch 

OP    Ferrite • 265 

Fio.  6 — Cross-Section  op  a  Grat-Iron  Bar  Annealed  in  Copi«kr  Oxide  Packing...  266 
Fio.  7 — This  Shows  the  Ijne  Betwei»  .4   and   //,   Fio.   6 — Dark    Portions   Con- 
tun   Copper    260 

Fig.    3 — Structure    op    B   and    C,    Fu«.    6,    i.**    Show'n — .Vrea    C    Has    the   Char- 
acteristic   of    Grat   Iron • 268 

Fig.    1 — I^NGiTUDiNAL  SECTION  A-A,  FiG.   2,   Throigii    Annealing    Furnace 271 

Fig.   2 — Transverse  Section  Throcci!  Annealing  Fuhnack 27 1 

Fig.  3 — View  Along  Tops  op  Annealing  Furnaces 274 

Fig.   1 — Dl&gram  Showing  Mixing  Action  in  Pulverwed  Coal  Burner 27© 

Fig.  2 — General  Assembly  op  Burners  for  Air  Melting  Furnace 281 

Fig.    3 — Front    View    op   Melting    Furnace   at    Erie,   Pa.,    .showikg    Burner    In- 
stalled Complete    282 

Fig.  4 — View  op  Burner  and  Fan  Drivf 284 

Fig.  6 — Operating  Side  op  Bubnkr  Showing  Location  Controls 287 

Fig.  6 — Tesiperatitre  Record  of  Muffle  Annealing  Oven  . .  • 290 

Pig.  7 — Diagram  of  Flame  Ignition  and  Formation 293 

Fig.    8 — Diagram    Showing   Comparative   Economy    op    Pulverwed    Coal    Burners 

AND  Hand   Firing  on   .Vnneamno  Oven 296 

Fig.   9 — Arrangement  of  Top  Blast 800 

Fig.   t — Results  Obtainid  With  Tr>»t  WeI'Ges  of  Low  Manganese  Iron 823 

Fig.   2 — Structure  op  Center  op  Tf.pt  Bar  at  70  Diameters 825 

Fig.  3 — Structure  op  R.'m  of  Test  Bar  at  320  Diameters 327 

Fig.   1 — End  View  op  Machinabilitt  Testing  Device 382 

Fig.  !! — Diagram  op  Apparatus  for  Drilling  Test *. 886 

Fig.  1 — High  Chill  Wheel  Which  i'"  Annealed  Properly  Would  Have  Greater 

Strength  anl   Double  the  Mileage • 360 

Fig.    2 — f4-iNCH   Below  Chilled  Face   of   OvKRANNrALED  Chip   of   Chilled  Part 

OP  Wheel  Mix    850 

Fig.  1 — A  Design  for  a  Simple  Crucible-Ttpr  Nonferrous  Melting  Furnace 878 

Fig.  2 — Effect  op  Improper  Firing  in  a  Crucirlf  Melting  Furnace 880 

Fig.   1 — Weeks'  Electric  Rotating  Bra<8  Furnace  of  an   Early  Type 889 

vi 


Digitized  by  VjOO^ IC 


List  of  Illustrations  vii 

PAQI 

Fiti.  2 — ^iMntOTBD  Dcsioir  of  Rotatixo  Electric  Brim  Fitrnacb 391 

Fi«.  S— A  Typical  Thkbb  Fvnvkcm  Plajit 393 

Fie.    1 — ^Thb  Work  Now  Haicdled  bt   Thih  Crakr  Formkrlt  Hahdled   by   a   Jib 

Ckajtb — ^Production    Was    iNcaFAfEO    Four    Timka    bt    Use    of    the    Crake 

Showx     410 

Fi«.    2 — Central   Bat  or   Foundry   Sf.rvkp    ht    CRANir.R   oh    Hioh   and    Low    Ru.v- 

WATS — Tkb    Thrbb    Craves    OPERAtiKfi    os    the    1x)wkr    Level    Are    Vnr.n    ix 

ComrBCTioir  With  Molding    412 

Fic.   S — ^M>TE«iAL   Storvgk  Yard   op   Foundry   "\V»to«e  Interior   is   Shown   in    Fiq. 

2 — ^Materials  Are   Handlpd  by  ihe  Crane  and  Monorail   Hoist  Shown 414 

Fio.  1 — View  of  Gray  Iron  Foundry  With  Complete  Mechanical  Sand  Handling 

Equipment    • 418 

Fifl.  2 — C'oKviiYOB  Under  Foundry  Floor  for  Removiko  Used  Sand 420 

Fig    3 — Closk-up  View  of   Usfd  Sand   Conveyor  Showing   Hoitkr    From   Foundry 

Floor 421 

Fio.    4 — Scalping    or    Roughing    Screen    for    Preliminary    Screening    of    Used 

Sand     422 

Fio.    5 — Final  Screen  and   Centrifugal  Trmpering   Machine 423 

Fig.    « — Row    OF   Overhead   Sand    HoprERs    Which    vSrppLY    Sand    to    Molders    as 

Needed     • 424 

Fio.    7 — ^Individual  Overhead   Sand   Hoppers 425 

FiG.   8 — Tempered  Sand  Storage  Bin  Showing  Cutting  Sand   Feeders 426 

Fio.   9 — Flat  Belt  Conveyob  for  Distriiiutivg  Tempered  Sand 427 

Fio.    10 — ^Magnetic  Separator  and  Wasti  Sand   Conveyor 42$^ 

Fig.   1 — Cro84«-Sbction  op.  an  Zlbctric  Horn • 458 

Fio.    2 — A    Codb   Calling   Mechanism 460 

Fig.    3 — ^Thr  Elbctbical  Connections   i»or  the   Calling   Mechanism 462 

Fig.    1 — Near  View  of  Sternpost   Showing  Fracture 482 

Fio.  2^— Fbactubb  Out  Out  Leaving  Spacb  fob.  Thbbmit  Stbbl  to  Enter 481 

Fio.   S — ^Wax  Pattbbn  ApPLinD  Previous  to  Building  up  Mold 484 

Fio.    4 — ^Vi«w  of  Cbucibleb  at  Time  of  Reaction 488 

Fio.   5 — Clobb-up  View  of  Finished  Wbm> ,  «d9 

Fio.    6 — ^Weld  Completed  and   Ruddeb  Shipped , 490 


Digitized  by  VjOOQ IC 


OFFICERS 

OF  THE 


INCORPORATBD 


President 

C.  S.  KOCH 

Fort  Pitt  Steel  Castings  Co. 

McKeesport,  Pa. 

Vice  President 

W.  R.  BEAN 

Eastern  Malleable  Iron  Works 

Naugatuck,  Conn. 

Secretary-Treasurer 

C.  E.  HOYT 

Harris  Trust  Bldg.,  Chicago 


MEMBERS  OF  THE  BOARD  OF  DIRECTORS 

C  r 

(In  addition  to  the  above) 

H.  R.  ATWATER.  W.  A.  JANSSEN, 

Cleveland  Osborn  Mfg.  Co.,  American  Steel  Foundries, 

Cleveland,  O.  Chicago,  111. 

A.  O.  BACKERT.  S.  T.  JOHNSTON. 

The  Penton  Publishing  Co.,  S.  Obermayer  Co., 

Cleveland,  O.  Chicago,  III. 

R.  A.  BULL,  C  R.  MESSINGER, 

Duquesne  Steel  Foundry  Co.,  Sivyer  Steel  Casting  Co., 

Coraopolis,  Pa.  Milwaukee,  Wis. 

H.  A.  CARPENTER,  V.  E.  MINICH, 

General  Fire  Extinguisher  Co.,  American  Foundry  Equipment  Co^ 

Providence,  R.  I.  New  York  City 

S.  B.  CHADSEY,  J.  P.  PERO, 

Massey-Harris  Co.,  Ltd.,  1217  Boatmen's  Bank  Bldg., 

Brant  ford,  Ont.,  Canada  St.  Louis,  Mo. 

A.  E.  HOWELL,  A.  B.  ROOT,  JR., 

Phillips  &  ButtorflF  Mfg.  Co^  Hunt-Spiller  Mfg.  Corporation, 

Nashville,  Tenn.  Boston,  Mass. 

J.  ROY  TANNER. 

Pittsburgh  Valve,  Foundry  &  Construction  Co., 

Pittsburgh,  Pa. 

VliJ 


Digitized  by  VjOO^ IC 


Summary  of  the  Proceedings  of  the 

Twenty-fourth  Annual 

Meeting 

Philadelphia,  Pa.,  Sept.  29  to  Oct    3,  1919. 


Notable  progress,  both  in  the  design,  development  and 
manufacture  of  metal-corking  and  foundry  equipment  and 
in  the  solution  of  problems  affecting  casting  practice  and 
foundry  administration,  was  indicated  in  the  meetings  and 
exhibition  of  the  twenty-fourth  annual  convention  of  the 
American  Foundrymen's  association  at  Philadelphia.  Free 
from  the  restraint  of  war  time  activities,  foundrymen  at- 
tended the  meetings  in  greater  number  than  ever  before  in 
the  history  of  the  association.  Among  those  who  registered 
during  the  week  were  foundrymen  from  many  foreign  coun- 
tries including  England,  France,  Norway,  Japan,  India,  Java 
and   Australia. 

Sharply  in  contrast  with  the  1918  convention,  the  meeting 
at  Philadelphia  reflected  an  enthusiastic  tendency  on  the  part 
of  foundrymen  to  attack  the  problems  of  reconstruction.  For 
the  first  time  in  the  history  of  the  association  a  session  was 
devoted  to  the  subject  of  industrial  relations.  Recognition 
of  the  gravity  of  the  labor  situation  confronting  the  country 
was  given  in  a  communication  sent  to  the  senate  committee 
investigating  the  steel  strike,  following  its  unanimous  adoption 
at  the  final  session  on  Friday. 

The  first  session  on  Tuesday,  Sept.  30  was  conducted 
jointly  with  the  Institute  of  Metals  division  of  the  American 
Institute  of  Mining  and  Metallurgical  Engineers.  There  were 
two  sessions  on  general  topics  on  Wednesday  and  Friday,  re- 
spectively. A  session  devoted  espedally  to  steel  foundry  prob- 
lems was  held  simultaneously  with  the  general  session  Wednes- 
day and  on  Thursday,  gray  iron,  malleable  and  industrial  rela- 
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tions  sessions  were  held  simultaneously.  An  extensive  discussion 
on  welding  problems  was  a  fealture  cf  the  final  session  on 
Friday.  The  great  volume  of  work  accomplished  may  be 
measured  from  the  fact  that  there  were  43  papers  and  11 
committee  reports  on  the  program.  Upon  recommendation 
of  the  committee  on  foundry  costs,  the  association  decided  to 
publish  the  American  Foundrymen's  association  uniform 
foundry  cost  keeping  system,  which  appears  elsewhere  in 
this  volume. 

Joint  Opening  Session 
Tuesday,   Sept.   30,    10  a.   w..   Ball   Room,  BeUevue-Stratford 

The  convention  was  formally  opened  by  a  joint  opening 
session  of  the  Institute  of  Metals  division  of  the  American 
Institute  of  Mining  and  Metallurgical  Engineers  and  the 
American  Foundrymen's  association  in  the  ballroom,  Bellevue- 
Stratford  hotel,  at  10  a.  m.,  Tuesday,  Sept.  30. 

A.  O.  Backert,  president  of  Ihe  American  Foundrymen's 
association,  occupied  the  chair.  The  annual  address  of  the 
president  was  read  by  Mr.  Backert,  after  which  he  read  the 
following  letter  from  Thomas  H.  Firth,  past  president  of  the 
British  Foundrymen's  association: 

SHEFFIELD 
A.  O.  Backert,  president, 
American  Foundrymen's  Association, 
Cleveland,  Ohio. 
Dear  Mr.  President: 

Although  my  term  of  office  as  president  of  the  British  Foundrymen's 
association  has  just  expired,  it  gives  me  great  pleasure  as  repre- 
sentative of  the  casting  interests  of  the  United  Kingdom  to  send  a 
message  of  good  will  and  a  friendly  greeting  to  the  American  Foundry- 
men's  association  and  the  large  number  of  foundrymen  who  will  attend 
your  convention  and  exhibition  at  Philadelphia  on  September  29.  I  only 
regret  that  stress  of  work  and  the  uncertainty  of  labor  conditions  at 
present  obtaining  in  this  country  prevent  me  from  accepting  your  warm 
and  pressing  invitation  to  deliver  my  message  in  person,  and  from  giving 
such  support  as  I  could  to  a  convention  with  such  extensive  and  useful 
aims. 

Whatever  tends  to  cement  the  bond  of  friendship  between  the  two 
great  English-speaking  nations,  whatever  tends  to  promote  harmony  and 
co-operation  between  them,  and  whatever  increases  their  cordial  rela- 
tions in  commerce  tends  also  to  further  the  future  peace  and  progress 
of  the  world. 

With  regard  to  the  objects  of  your  convention  and  exhibition,  it  is 
our  sincere  hope  that  from  every  standpoint  it  will   prove  a  complete 
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success.  We  know  that  yours  was  the  pioneer  association  of  foundry- 
men,  and  it  was  on  your  association  that  those  of  this  and  other  coun- 
tries were  modeled.  The  debt  which  is  owed  to  the  investigations  of 
such  men  as  Keep.  Moldenke,  Outerbridge,  West  and  others  of  your 
members  is  universally  recognized.  The  splendid  work  accomplished 
by  your  various  committees  is  generously  appreciated.  Their  investiga- 
tions and  experiments  on  improved  methods  of  molding,  casting,  testing 
and  reports  on  methods  of  analysis  and  casting,  have  been  of  the 
greatest  value  to  irpn  founders  of  this  country  and  on  the  continent, 
and  have  been  widely  and  carefully  studied. 

With  our  own  methods  and  shops  you  will  doubtless  deal  in  the 
report  which  you  intend  to  present  of  your  recent  visit  to  the  iron 
foundries  of  this  country,  and  it  is  by  this  mutual  and  friendly  ex- 
change of  views  and  ideas  that  the  two  associations  will  profit,  and 
from  which  will  accrue  considerable  advantage  to  both. 

The  increase  of  labor  unrest  and  the  continued  high  cost  of  living 
are  undoubtedly  disturbing  factors  in  commerce  today,  and  it  is  now 
generally  recognized  in  this  country  and  also  in  America  that  the  one 
thing  on  which  the  future  success  of  all  industry  depends,  and  which 
alone  can  preserve  the  comparatively  low  price  level  of  iron  and  steel 
products,  is  increased  output.  To  effect  this  must  be  our  first  and 
foremost  aim. 

Please  accept  my  warmest  regards  and  best  wishes  for  the  success 
of  your  association  convention  and  the  renewed  assurance  of  our 
good  will. 

Yours   sincerely, 

Thomas   H.   Fieth. 

The  following  letter  from  Ivan  Lamoureux,  secretary  of 
the  Belgian  Foundrymen's  association,  was  received  top  late 
to  be  read  during  the  convention:  ^ 

(Translation) 

Liege,   Belgium 

Mr.  A.  O.  Backert,  president, 

American   Foundry  men's  association, 

Qeveland,  Ohio.  Sept.  8.   1919. 

Dear  Sir: 

I  have  the  honor  of  expressing  to  you  my  sincere  thanks  for  your 
kind  invitation  to  the  interallied  congress  in  Philadelphia  from  Sep- 
tember 29  to  October  ^3. 

I  regret  not  being  able  to  come  to  your  beautiful  country  because 
the  departure  of  the  barbarian  hordes  from  our  unhappy  land  has  left  us 
much  ruin  and  so  much  misfortune  that  we  must  all  throw  ourselves 
with  all  our  energy  into  the  work  of  reconstructing  our  industries 
which  formerly  were  so  fresh. 

I  have  transmitted  your  invitation  to  my  confreres  who  find  them- 
selves in  the  same  position  as  myself. 

I  beg  you  to  believe,  Mr.  President,  that  the  Belgian  foundrymen 
feel  for  your  country  in  general,  and  for  your  noble  president,  Mr. 
Woodrow  Wilson,  sentiments  of  admiration  and  of  gratitude. 

We  have  admired  the  enthusiasm  which  accompanied  your  dec' 
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tion  of  war  on  those  who  broke  all  their  bonds  of  honor,  falsifying 
their  given  word  and  by  acting  contrary  to  all  the  laws  of  war  and  by 
instituting  a  reign  of  terror  among  defenseless  populations.  President 
Wilson  has  put  an  end  to  all  the  inhuman  acts  promoted  by  the  central 
powers  and  he  has  established  a  foundation  for  the  league  of  nations; 
and  all  humanity  is   following  him  as  a  leader. 

We  cherish  our  gratitude   for  the  aid   which  you  have   brought  to 
%our  invaded  country  both  in  sending  us  the  necessities  of  life  through- 
out  the   war   and    for   the   co-operation   of    your   brilliant  army   which 
enabled    the    allied    powers    to    drive    from    our    country    an    execrated 
enemy. 

President  Wilson  has  also  set  forth  in  his  own  noble  personality 
the  ideal  of  your  whole  people,  which  I  can  summarize  in  the  three 
words:    Strength,  wisdom  and   beauty. 

I  would  have  liked  to  bring  to  you  in  person  the  thanks  of  the 
Belgian  foundrymen  to  their  American  confreres  and  at  the  same  time 
to  take  part  in  the  discussion  of  your  important  congress  and  to  visit 
your   beautiful    exposition. 

Please  believe,  Mr.  President,  that  in  thought  I  am  with  you  and 
that  I  hope  your  congress  will  be  a  success  which  it  deserves  and  that 
it  will  mark  an  unforgetable  day  in  the  annals  of  the  foundry  in- 
dustry. 

Please  accept,  Mr.  President,  my  most  paternal  and  distinguished 
sentiments. 

Ivan  Lamousex. 

A.  O.  Backert,  president  of  the  American  Foundrymen's 
association,  then  extended  a  welcome  to  foreign  foundrymen, 
many  of  whom  attended  the  convention. 

An  address  of  welcome  was  delivered  by  Thomas  H. 
Devlin,  president  of  the  Philadelphia  Foundrymen's  association. 
John  A.  Penton,  honorary  member  of  the  American  Foundry- 
ment's  association,  spoke  briefly  in  appreciation  of  Mr. 
Devlin's  activities  in  behalf  of  the  foundry  industry.  Mr. 
Cattell,  statistician,  city  of  Philadelphia,  outlined  the  growth 
and    importance    of    Philadelphia's    institutions    and    industries. 

Response  to  the  address  of  welcome  was  made  on  behalf 
of  the  allied  societies  by  J.  P.  Pero,  past  president  of  the 
American  Foundrymen's  association. 

Following  the  address  of  welcome  and  response.  Presi- 
dent A.  O.  Backert  announced  the  appointment  of  the  follow- 
ing convention  committees : 

Nominating  Committee. — Benjamin  D.  Fuller,  chairman, 
Niagara  Wall  Paper  Co.,  Niagara  Falls,  N.  Y.;  R.  A.  Bull, 
Duquesne  Steel  Foundry  Co.,  Pittsburgh;  J.  P.  Pero,  Missouri 
Malleable   Iron   Co.,   East   St.   Louis,   111.:   Alfred   E.   Howell, 
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Phillips  &  Buttorff  Mfg.  Co.,  Nashville,  Tenn. ;  and  Stanley  S. 
Flagg  Jr.,  Stanley  S.  Flagg  &  Co.,  Philadelphia. 

Committee  on  Resolutions. — Alfred  E.  Howell,  Phillips  & 
Buttorff  Mfg.  Co.,  Nashville,  Tenn.;  Charles  Lundberg,  Iron 
Age  Publishing  Co.,  Philadelphia;  Thomas  Pangborn,  Pang- 
born  Corp.,  Hagerstown,  Md. ;  Llo>-d  Uhler,  Union  Steel  • 
Casting  Co.,  Pittsburgh;  and  A.  B.  Root  Jr.,  Hunt-Spiller 
Mfg.  Corp.,  Bos-ton. 

The  following  reports  and  addresses  also  were  presented 
at  the  joint  opening  session: 

Report  of  the  board  of  directors  of  the  American  Foundry- 
men's  Association,  Inc. 

Report  of  the  secretary-treasurer  of  the  American 
Foundrymen's    Association,    Inc.,   by    C.    E.    Hoyt,    Chicago. 

"The  Need  for  Co-operative  Research  in  Alloys,"  by 
Harrison    E.    Howe,    National   Research    council,    Washington. 

"Considerations  Affecting  Brass  Melting  in  Gray  Iron 
Shops,"  by  Russell  R.  Clarke,  Eagle  Brass  Foundry,   Seattle. 

"The  Weeks  Electric  Rotating  Furnace  as  Applied  to  the 
Brass  Foundry  Industry,"  by  F.  J.  Ryan,  American  Metal- 
lurgical Corp.,  Philadelphia. 

"Publicity  Work  of  Foundry  Equipment  Manufacturers' 
Association,"  by  Franklin  G.  Smith,  chairman  publicity  com- 
mittee. Foundry  Equipment  Manufacturers  association,  Cleve- 
land Osborn   Mfg.  Co.,  Cleveland. 

General  Session 
Wednesday,   Oct.   1,   10  a.  m.  Ball  Room 

A.  O.  Backert,  president,  American  Foundrymen's  asso- 
ciation, in  the  chair. 

The  following  papers  and  reports  were  presented  and 
discussed : 

"Audible  Signals  in  Foundries,"  by  Prof.  Xladimir 
Karapetoff,   Cornell  university,  Ithaca,   N.   Y. 

"The  Care  of  Foundry  Equipment,"  by  G.  L.  (irimes, 
Grimes  Molding  Machine  Co.,  Detroit. 

"How    to    Secure    Best    Results    in    Combining    Hoisting 
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Apparatus    with     Molding     Machines,"     by    W.     C.     Briggs, 
Shepard  Crane  &  Hoist  Co.,  New  York. 

"Foundry  Sand  Handling  Equipment,"  by  H.  L.  Mc- 
Kinnon,  The  C.  O.  Bartlett  &  Snow  Co.,  Cleveland. 

*'Concrete  Foundry  Molding  Floors,"  by  H.  H.  Haley, 
Amencan  Foundry  Equipment  Co.,  New  York. 

Report  of  the  American  Foundrymen's  Association  Com- 
mittee on  Foundry  Costs,  by  J.  Roy  Tanner,  chairman,  Pitts- 
burgh  Valve   Foimdry   &   Construction   Co.,    Pittsburgh. 

"Uniform  Methods  of  Cost  Accounting,"  by  C.  E. 
Knoeppel,  C.   E.   Knoeppel  &  Co.,   New  York. 

"The  One  Best  Way  to  Do  Work,"  by  Frank  B.  Gilbreth 
and  L.  M.  Gilbreth,  Providence,  R.  I. 

•     Dr.    W.    P.    Wilson,    director,    Philadelphia    Commercial 
Museum,   explained   the   work   of   that   organization. 

Steel  Session 
Wednesday,  Oct.  1,  10  a.  m..  Clover  Room 

R.  A.  Bull,  past  president,  American  Foundrymen's  asso- 
ciation, in  the  chair. 

The  following  papers  and  reports  were  read  and  dis- 
cus.sed : 

"Electric  Versus  Converter  Steel,"  by  John  Howe  Hall 
and  G.  R.  Hanks,  Taylor-Wharton  Iron  &  Steel  Co.,  High 
Bridge,  N.  J. 

"Effect  of  Sulphur  in  Steel  Castings,"  by  Prof.  A.  E. 
White,  University  of  Michigan,  Ann  Arbor,  Mich. 

"Repairing  Castings  on  Transport  Northern  Pacific,"  by 
Arthur  F.  Braid,  Metal  &  Thermit  Corp.,  New  York. 

"Comparison  of  Costs  of  Electric  and  Open-Hearth  Fur- 
nace Practice,"  by  E.  H.  Ballard,  West  Lynn,  Mass. 

Report  of  the  American  Foundrymen's  Association  Com- 
mittee on  Steel  Foundry  Standards,  by  W.  A.  Janssen,  chair- 
man, American  Steel  Foundries,  Chicago. 

"Operation  of  the  Acid  Electric  Furnace,"  by  L.  B. 
Lindemuth,  Carney  &  Lindemuth,   New  York. 
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"Values  of  the  Present  Methods  of  Measuring  the  Tem- 
perature of  Molten  Steel,"  by  F.  W.  Brooke,  Electric  Furnace 
Construction  Co.,  Philadelphia. 

Unanimously  decided  to  create  a  committee  to  arrange  for 
co-operation  with  other  organizations  in  studying  sulphur 
problem. 

Gray  Iron  Session 
Thursday,  Oct,  2,   10  a.  m.,  Ball  Room 

W.  A.  Janssen,  vice  president,  American  Foundrymen's 
association,  in  the  chair. 

The  followii^  papers  and  reports  were  read  and  dis- 
cussed : 

**Side  Blow  Converter  in  Iron  Foundry,"  by  George  P. 
Fisher,  Whiting  Foundry  Equipment  Co.,  Harvey,  111. 

**Cerium  in  Cast  Iron,"  by  Dr.  Richard  Moldenke, 
Watchung,  N.  J. 

*'The  Testing  of  Clays  for  Foundry  Use,"  by  Homer  F. 
Staley,  bureau  of  standards,  Washington. 

"The  Value  of  a  Scrap  Pile,"  by  Henry  Traphagen, 
Toledo  Steel  Castings  Co.,  Toledo,  O. 

**The  Elimination  of  Strains  in  Iron  Castings,"  by  C.  J. 
Wiltshire,   General   Electric  Co.,   Schenectady,   N.   Y.  . 

"The  Electric  Furnace  as  an  Adjunct  to  the  Cupola,"  by 
George  K.  Elliott,  Lunkenheimer  Co.,  Cincinnati. 

Report  of  the  American  Foundrymen's  Association  Com- 
mittee on  General  Specifications  for  Gray  Iron  Castings,  Dr. 
Richard  Moldenke,  Watchung,  N.  J. 

General  Session 
Thursday,  Oct.  2,  12:30  />.  wi.,  Ball  Room 

A.  O.  Backert,  president,  American  Foundrymen*s  asso- 
tion,  in  the  chair. 

'^he  report  of  the  nominating  committee  was  unanimously 

■  ed  and  the  following  directors  were  elected  for  the 
^    .1    1919-20: 

H.  R.  Atwater,  Cleveland-Osborn  Mfg.  Co.,  Cleveland; 
A.  O.  Backert,  The  Penton  Publishing  Co.,  Cleveland;  W.  R. 
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Bean,  Eastern  Malleable  Iron  Co.,  Naugatuck,  Conn.;  R.  A. 
Bull,  Duquesne  Steel  Foundry  Co.,  Coraopolis,  Pa.;  H.  A. 
Carpenter,  General  Fire  Extinguisher  Co.,  Providence,  R.  I. ; 
S.  B.  Chadsey,  Massey-Harris  Co.,  Ltd.,  Toronto,  Ont. ;  A.  E. 
Howell,  Phillips  &  Buttorff  Mfg.  Co.,  Nasiiville,  Tenn. ;  W.  A. 
Janssen,  American  Steel  Foundries,  Chicago;  S.  T.  Johnston, 
S.  Obermayer  Co.,  Chicago;  C.  S.  Koch,  Fort  Pitt  Steel 
Castings  Co.,  McKeesport,  Pa.;  C.  R.  Messinger,  Sivyer  Steel 
Casting  Co.,  Milwaukee;  V.  E.  Minich,  American  Foundry 
Equipment  Co.,  New  York;  J.  P.  Pero,  Missouri  Malleable 
Iron  Co.,  East  St.  Louis,  111.;  A.  B.  Root  Jr.,  Hunt-Spiller 
Mfg.  Corp.,  Boston;  J.  Roy  Tanner,  Pittsbuiigh  Valve 
Foundry  &  Construction  Co.,  Pittsburgh;  and  C.  E.  Hoyt, 
Chicago. 

Malleable  Session 
Thursday,  Oct.  2,   10  a.  m.,  Clover  Room 

W.  R.  Bean,  director  of  American  Foundrymen's  asso- 
ciation, in  the  chair. 

The  following  papers  and  reports  were  read  and  dis- 
cussed : 

"Burning  Fuel  Oil  in  an  Air  Furnace,"  by  J.  P.  Pero, 
Missouri  Malleable  Iron  Co.,  East  St.  Louis,  111. 

"The  Application  of  Powdered  Coal  to  Malleable  Annealing 
Furnaces,"  by  Charles  Longenecker,  The  Bonnot  Co.,  Pitts- 
burgh. 

"Efficient  Use  of  Pulverized  Coal  in  Malleable  Foundry 
Practice,"  by  Milton  W.  Arrowood,  Ground  Coal  Engineering 
Co.,  Chicago. 

"Powdered  Coal  as  a  Fuel  in  the  Foundry,"  by  H.  A. 
Grindle,  Combustion  Economy  Corp.,  Chicago. 

"Relation  Between  Machining  Qualities  of  Malleable 
Castings  and  Physical  Tests,"  by  Edwin  K.  Smith  and  William 
Barr,  Wisconsin   Malleable  Iron  Co.,  Milwaukee. 

"The  Refining  of  Cupola  Malleable  in  the  Electric  Fur- 
nace," by  A.  W.  Merrick,  General  Electric  Co.,  Schenectady, 
N.  Y. 

Report  of  the  American  Foundrymen's  Association   Corn- 
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mittee  on  Specifications  for  Malleable  Castings,  by  Enrique 
Touceda,  chairman,  Albany,  N.  Y. 

"Some  Needs  of  the  Malleable  Iron  Industry,"  by  W.  R 
Putnam,  Detroit  Testing  Laboratory,  Detroit. 

"A  Note  on  Britain's  Experimental  Foundry,"  by  G. 
Ernest  Wells,  Edgar  Allen  &  Co.,  Sheffield,  Eng. 

"Galvanizing  Malleable  Castings,"  by  Prof.  Enrique 
Touceda,  Albany,  N.  Y. 

'*Effects  of  Annealing  Gray  and  Malleable  Iron  Bars  in 
Copper  Oxide  Packing,"  H.  E.  Diller,  The  Foundry,  Cleve- 
land. 

Industrial  Relations  Session 
Thursday,  Oct.  2,  10  a.  w.,  Red  Room 

C.  B.  Connelley,  dean,  Carnegie  Institute  of  Technology, 
Pittsburgh,  in  the  chair. 

The  following  papers  and  reports  wert  read  and  dis- 
cussed : 

"Training  Men  for  Foundry  Work,"  by  C.  C.  Schoen, 
United   States  department  of  labor,  Stamford,  Conn. 

"Personnel  Problems  of  Modem  Industry,"  by  C.  D. 
Dyer  Jr.,  Hunt  &  Dyer,  Philadelphia. 

"Industrial  Democracy  and  the  Foreman,"  by  John  Calder, 
Business  Training  Corp.,  New  York. 

Report  of  the  American  Foundrymen's  Association  Com- 
mittee on  Safety,  Sanitation  and  Pire  Protection,  by  Victor  T. 
Noonan,  U.  S.  Mutual  Liability  Insurance  Co.,  Quincy,  Mass. 

"Vocational  Training  for  Foundry  Occupations,"  by  J.  C. 
Wright,  Federal  Board  for  Vocational  Education,  Washington. 

Final  Professional  and  Business  Session 
Friday,  Oct,  3,  10  a.  m..  Ball  Room 

A.  O.  Backert,  president,  American  Foundrymen's  asso- 
ciation, in  the  chair. 

Announcement  was  made  of  the  election  of  officers  of  the 
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American  Foundrymen's  association  to   serve   for  the   ensuing 
year  as  follows: 

President. — C.  S.  Koch,  Port  Pitt  Steel  Casting  Co., 
McKeesport,  Pa. 

Vice  President. — W.  R.  Bean,  Eastern  Malleable  Iron  Co., 
Naugatuck,  Conn. 

Secretary-Treasurer, — C.  E.  Hoyt,  Harris  Trust  building, 
Chicago.  .  ^ 

With  President-elect  Koch  in  the  chair,  it  was  moved  by 
Alfred  E.  Howell,  seconded  and  carried  unanimously  that  the 
retiring  president,  A.  O.  Backert,  be  elected  to  life  honorary 
membership  in  the  American  Foundrymen's  association.  On 
motion  made  by  J.  P.  Pero,  Thomas  Devlin  was  unanimously 
elected  to  honorary  membership  in  the  association. 

The  following  papers  and  reports  were  read  and  dis- 
cussed : 

"The  Economical  Control  and  Handling  of  Patterns  in  a 
Large  Foundry,"  by  W.  D.  Jones,  Canton  Steel  Foundry  Co., 
Canton,  O. 

"Progress  in  the  Application  of  Electric  Arc  Welding," 
by  Robert  E.  Kinkead,  Lincoln  Electric  Co.,  Cleveland. 

"A  New  Cutting  Gas,"  by  Prof.  Alfred  S.  Kinsey,  Stevens 
Institute  of  Technology,  Hoboken,  N.  J. 

"Welding  Castings  of  Different  Metals  and  Different  Sec- 
tions," by  George  B.  Malone,  Bayonne  Steel  Casting  Co., 
Bayonne,  N.  J. 

Report  of  American  Foundrymen's  Association  Committee 
on  Promotion  and  Membership,  by  A.  E.  Howell,  chairman, 
Nashville,  Tenn. 

"High  Temperature  Cement  for  Lining  Cupolas,  etc.,"  by 
W.    S.   Quigley,   Quigley   Furnace   Specialties   Co.,   New  York. 

Upon  motion  by  R.  A.  Bull,  it  was  unanimously  decided 
to  •  send  the  following  communication  to  the  United  States 
senate  committee  on  labor  education,  at  that  time  engaged  in 
investigating  the  steel  strike: 
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COMMUNICATION  TO  SENATE  COMMITTEE  INVESTIGATING 

THE  STEEL  STRIKE  FROM  THE  AMERICAN 

FOUNDRYMEN'S  ASSOCIATION 

The  American  Foundiymen's  association  is  holding  its  annual  meet- 
ing in  Philadelphia.  This  convention  is  the  greatest  in  our  history  of 
24  years'  advancement  of  the  purely  technical  and  industrial  phases  of 
the  foundry  industry.  More  than  3000  foundrymen  are  in  attendance. 
Our  exhibit  of  foundry  equipment  and  supplies  occupies  the  entire  space 
of  90,000  square  feet  in  the  Commercial  Museum.  Unquestionably  this 
meeting  of  foundry  owners,  managers,  superintendents,  chemists,  fore- 
mai  and  of  manufacturers  of  equipment  required  for  foundry  operation, 
embraces  the  most  intelligent  and  broadminded  personnel  in  the  basic 
industry  of  casting  of  metals. 

Never  in  the  history  of  this  organization  have  discussions  been  per- 
mitted in  our  meetings  relating  to  the  unionization  of  labor,  or  to 
advisable  rates  of  wages.  We  contemplate  no  change  in  this  policy 
and  will  continue  to  serve  our  industry  in  the  future  along  the  same 
scientific  lines  as  m  the  past. 

The  operations  of  many  industries  have  been  affected  by  the  present 
strike  of  steel  workers  instituted  primarily  against  the  United  States 
Meel  corporation.  We  recognize,  as  your  invesUgating  committee  docs, 
the  tremendous  importance  of  this  strike.  We  believe  the  very  bulwark 
of  our  nation  is  seriously  menaced.  We  respectfully  call  to  the  attention 
of  your  committee  the  significant  and  incontrovertible  fact  that  the  vast 
majority  of  those  who  are  attempting  to  paralyze  the  foundry  industrv 
coincident  with  the  attacks  upon  the  steel  mills,  arc  of  foreign  birth, 
and  that  whatever  success  in  those  endeavors  is  being  achieved  in  our 
foundries  results  in  very  large  degree  from  intimidation  and  violence. 

You  and  your  committee  are  charged  with  a  solemn  duty.  We 
believe  you  will  not  shirk  it,  but  will  make  your  investigation  rigorously 
searching,  as  to  existing  conditions  of  employment,  and  the  present  and 
past  activities  of  the  men  who  organized  and  are  conducting  the  strike 
and  of  those  opposed  to  them,  to  the  end  that  in  all  branches  of  industry 
connected  with  the  manufacture  of  iron  and  steel,  those  who  work  in 
them  with  their  hands  and  brains  may  do  so  under  conditions  fair  to 
both  classes,  m  lasting  security  against  improper  coercion  and  in  con- 
formity with  the  principles  of  liberty  drafted  by  our  fathers  in  this 
city  where  our  membership  is  now  assembled. 

This  communication  is  without  precedent  in  our  organization.  After 
mature  deliberation  we  believe  the  circumstances  justify  it  and  that  the 
essentially  scientific  nature  of  this  the  greatest  organization  of  foimdry- 
men  in  the  world  will  give  weight  to  our  statements.  We  beg  to  inform 
you  that  a  vast  number  of  our  members  toiled  with  their  hands  for  a 
daily  wage  in  the  earlier  stages  of  their  foundry  careers.  Hence  our 
S3'mpathies  for  the  honest  workiiigman  are  genuine. 

The  following  resolutions,  prepared  by  the  committee  on 
resolutions,  were  presented  and  unanimously  adopted: 

Philadelphia,    Oct.   3,    1919. 
Your   committee    has    the    pleasing    privilege   of   undertaking    to 
adequately    express,    if    possible,    the    sentiments    of    the    members 
of  this  association  toward  its  host  on  this,  its  twenty-fourth  annual 
meeting. 
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Today  closes  a  convention  most  memorable  in  our  history. 
The  American  Foundrymen's  association  first  saw  the  light  here 
in  Philadelphia  in  1896,  and  that  kindly  light  has  led  us  on  through 
the  years,  and  the  wisdom  of  its  founders  has  guided  us  and  been 
ratified  and  verified  by  the  vast  strides  that  have  been  taken  since 
that  day 

Returning  in  1907,  and  now  again,  in  1919,  we  find  ourselves 
indebted  in  increasing  measure  to  those  men  and  those  influences 
and  that  spirit  of  progress  and  generous  hospitality,  which  launched 
our    association    into    being. 

It  were  difficult  indeed  in  any  reasonable  space  to  enumerate 
all  those  to  whom,  for  innumerable  kindly  activities,  we  are  deepl5 
grateful. 

First  shall  come,  however,  the  members  of  the  Philadelphia 
Foundrymen's  association,  who  collectively  and  through  their  oflfi- 
cers,  Thomas  Devlin  and  Howard  Evans,  have  left  no  stone 
unturned  to  make  us  feel  that  we  have  come  truly  to  our  old  home 
and  among  those  who  take  the  keenest  interest  in  the  growth  and 
progress  of  our  asspciation  for  whose  beginning  Philadelphia  was 
so    largely    responsible. 

To  the  various  Philadelphia  committees,  who  have  responded 
so  warmly — the  clearing  house  committee,  information  committee 
reception  and  hotel  committee,  visitation  of  plants,  publicity,  finance, 
entertainment,  golf  and  automobile  committees,  to  each  and  all  ol 
them,  their  chairmen  and  members,  we  feel  deeply'  grateful. 

To  Howard  Bougher,  of  the  committee  of  arrangements,  and 
Frank  Krng.  of  the  committee  on  entertainment,  v.e  can  hardly 
over-emphasize  our  appreciation. 

One  feature  that  made  our  coming  to  Philadelphia  most  prac- 
tical was  the  Philadelphia  Commercial  Museum,  where  has  been 
for  the  week  the  home  of  the  great  foundrymen's  exhibit,  occupying 
over  60,000  square  feet,  in  the  magnificent  building  and  grounds  in 
charge  of  Dr.  W.  P.  Wilson,  director,  and  C.  D.  Williso;i,  superin- 
tendent. We  feel  particularly  grateful  to  these  gentlemen,  as  their 
activity  and  hearty  co-operation  made  it  possible  for  us  to  have  this 
greatest  of  all  exhibits. 

Another  outstanding  event,  which  could  not  have  happened  any- 
where except  in  Philadelphia,  was  the  courtesy  and  very  compli- 
mentary action  of  the  American  International  Shipbuilding  Corp. 
at  Hog  island,  in  naming  the  good  ship  Afoundria  in  honor  of  our 
association,  and  through  President  Matthew  C.  Brush  the  extending  to 
our  members  every  hospitality  on  the  occasion  of  the  launching  and 
visitation    of    that    marvellous    place. 

The  record  of  our  attendance,  our  sessions,  our  exhibits,  the 
many  forms  of  entertainment  and  hospitality  has  never  been  equaled, 
and  it  is  difficult  to  conceive  of  its  ever  being  surpassed. 

To  A.  O.  Backert,  our  retiring  president,  we  extend  our  thanks 
for  his  ever  diligent  and  efficient  labor  in  our  behalf  both  at  home 
and  abroad.  To  our  European  cousins  in  the  iron  and  steel  casting 
and  metalworking  industries  he  has  carried  the  message  of  interna- 
tional friendship  and  goodwill.  We  feel  sure  the  American  Found- 
rymen's association  and  the  industry  at  large  in  this  country  will 
for   years    profit    from    the    favorable    impression    he    created    during 
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his  visit  in  Great  Britain  and  on  the  continent.  In  leaving  this 
country  he  did  not  leave  the  interests  of  the  American  Foundry- 
men's  association  behind  him.  We  have  him  to  thank  for  the 
distinguished  visitors  from  the  other  side  who  have  been  with  us 
in  the  past  week.  It  is  with  satisfaction  that  we  regard  the  fact 
that  whiJe  he  retires  as  president,  he  remains  as  a  counsellor  of  the 
association. 

To  C.  E.  Hoyt,  our  general  manager  and  treasurer,  we  would 
also  express  thanks  for  the  good  generalship  he  has  shown  in  the 
arrangement  and  management  of  the  exhibit  with  its  great  multi- 
plicity of  details,  greater  than  ever  before.  EquaHy  efficient  and 
satisfactory  has  been  his  conduct  of  the  association's  affairs  during 
the    year.  vi   • 

Others  whom  we  desire  to .  include  in  this  appreciation  are 
those  who  so  ably  presented  papers  of  gre?it  interest  and  scientific 
value    before    the    sessions   of   the   convention. 

While  we  are  grateful  to  each,  we  must  particularly  emphasize 
our  indebtedness  to  W.  R.  Bean,  chairman  qf  the  papers  committee, 
indefatigable  in  his  zeal  and  interest,  and  to  H.  Cole  Estep,  secre- 
tary of  that  committee,  who  carried  the  very  trying  responsibility 
of  **roun4ing  up  the  whole."  The  innumerable  details  and  continu- 
ous application  necessary  to  get  all  into  that  printed  form  which 
will  constitute  one  of  our  most  notable  volumes^  is  indeed  a  great 
work  and  too  much  honor  cannot  be  accorded  Mr.  Estep  -and  Mr. 
Bean. 

We,  THEREFORE  MOVE,  that  the  sincere  appreciation  and 
gratitude  of  the  members  of  the  association,  severally  and  collec- 
tively, be  extended  to  all  those  committees,  industries  and  individuals 
that  have  studied  ways  to  make  us  more  happy,  more  comfortable 
and  more  successful  and  that  manifold  blessings  rest  With  them  all 
*'till   we   meet  again." 

Upon  motion  of  A.  O.  Backert,  retiring  president,  it  was 
voted  unanimously  to  ratify  all  proceedings  and  acts  of  tlie 
convention  before  adjournment. 

There   being  no   further   business,  the   meeting  a(|journed. 

Annual  Banquet 
Thursday,  Oct.  4,  7  p.  m.,  BellevHe-Stratford  Hotel 

A.  O.  Backert,  Cleveland,  presided.  Addresses  were  deliv- 
ered by  the  following  speakers: 

Sir  Ellis  W.  Hume-Williams,  member  of  parliament,  Lon- 
don, England;  Dr.  Marcel  Knecht,  member  of  French  high  com- 
mission; Maj.  R.  A.  Bull,  Duquesne  Steel  Foundry  Co.,  Cora- 
opolis.  Pa.;  and  Hon.  James  M.  Beck,  former  assistant  attor- 
ney general  of  the  United  States. 
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Entertainment   Features 

Through  the  activity  of  local  committees  on  arrangements, 
the  members  and  guests  of  the  association  were  offered  numer- 
ous opportunities  to  enjoy  the  features  of  an  unusually  attrac- 
tive entertainment  program.  The  ex-officio  members  of  these 
committees  were  Thomas  Devlin  and  Howard  Evans.  Howard 
M.  Rougher,  chairman  of  the  clearing  house  committee,  and 
Frank  Krug,  head  of  the  entertainment  committee,  were  large- 
ly responsible  for  the  courtesies  extended  to  visiting  foundry- 
men.  On  Tuesday  those  attending  the  convention  enjoyed  a 
boat  ride  on  the  Delaware  river,  the  outstanding  feature  of 
which  was  the  launching  of  the  cargo  carrier  Afoundria  by 
the  American  International  Shipbuilding  Corp.,  at  Hog  island. 
The  ship,  named  in  honor  of  the  American  Foundrymen's 
association  and  in  recognition  of  the  great  work  of  the  organi- 
zation, wa.«  christened  by  Mrs.  A.  O.  Eackert.  Wednesday 
morning  the  ladies  wert  taken  on  an  automobie  trip  through 
Fairmount  park  to  Valley  Forge  where  luncheon  was  served. 
In  the  afternoon  a  golf  tournament  .was  held  at  the  Whitemarsh 
Golf  club  and  in  fhe  evening  •mcrfibters  and  guests  enjoyed 
a  theater  party  at  Keith's.  Thursday  afternoon  the  ladies 
visited  the  plant  of  the  Curtis  Publishing  Co.,  Wanamaker's 
store.  Independence  hall,  and  other  points  of  interest.  The 
annual  banquet,  mentioned  above,  was  followed  by  dancing. 
During  the  convention  many  foundrymen  visited  the  plants 
of  the  Baldwin  locomotive  Works,  Westinghouse  Electric  & 
Mfg.  Co.,  and  others  in  Philadelphia  and  vicinity. 


Digitized  by  VjOOQ IC 


¥ 


TFfENEW  YORjf 

PUBUC  UBRARY  i 

I  -,,,  A«TOi!.  Lenox 


Digitized  by  VjOOQ IC 


I 
Digitized  by  VjOO^ IC  J 


1 


of  ll|r 

Amrrtran  3FouuJirgmnrs  Aiiamiari.  u 

TgaaoAg  .O  evHiJoaA 


i^ifTf^   'iinwtO    III      liiiKli 


lI^V«r  uw  ft     Jtmut    TKi'i  iHijk   i^rtn^iq    »niHNifr<   ^»T[^f^in   tM  lEri^JIrHhiiii  iindwHniui 

iMv    ftiim£f    trt    H-^lpT^    yibniMit    fjft|t*nrv|    wO    hiiUl*   ♦il   *fr«f    ni    ^fNii:i      flfflr    nr 
iff-   f'W^  >    ff*^f&**^.  '''"'*'^*™'*'^    '****''*■    "*'     ^^    "■'^'^    "■«•«*    *■    *Wii 

In    «hf)^J«il    io.th.'mt      vivnuM    11^ iR    iiui    mil    ,»JiijM«il    l^«iK    t^ni.    rKtl    ii4^i«Hf| 
^mmi*  ^  '  .ifrjriM  1  «nmM41|i}i    bniit^»  ftfltf  liMn*!^    Ui^*«mii^R   ban  j^fntll    '     '  '^ 

^T...!-iial   oinpul   (»ni7r   ii.'^-.t;-.   rTT:  T  "»•    :.•..•  ;TT   .iWM*t^'-     • 
•'■       deficiency    in    prodMi'.'.;'        1  l.i-     -•.•'!rM-;>    '.  l^    i-i  .  ^'   . 

r.i'.^c  than   fvcT   hcr'n-c     ;!:{•    ..   t;^;:    i^'d    ••»    '«••(•'  ; 
.;    •  w ..  in  foun<lT-v  (qK'^.i  :i»it-  ,t:i-{  *   .-^  l'<  ,  n  i->i  ;  '•■    t'lc 
'f     labor-saviiiiT-    cj-.^.r-iiu  iit 
•    in    the    I;i>N)i  v    i<\     t' ••    c. 
.  •••'.•al    means    \\:\\    In-    ^^  A\^■d    1 
hortagc  and  In^  k   •..''  [;-  ^l-ir':, 
.   '  •'  >olved  al^o  in  t'\'T\    .'t'ui 
.ral    months    .-.,  >     »     .1     j)r 
V.j   visit   to    K:  ^^1;«'  H     r:.!    f- r  :• 
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uf  U»t  clt^.  Af  r  ruttnglnB  In  diily  i)?*»t*Nr  irt>rt  to  i^'*wtwid  '<*;  ^^^^^  J**^ 
N  beaBW  Idenl^'J  with  th«   kniot^  p<M  Uirt^  (!»  PwtM  ftibllibtell  Cp.    id^ 

SSSTi-djI^  trf  T'»*  Foundry  in  1»UT  iod  Ihj  ttrrtd  Id  p»t  o^ukeUir  ertr 
itlrw*.  jnd  ii  cpnft'iion.  Inr  t»nnl  ytm,  Mted  ai  eemwcrini  edUir  "f -7^*'  ^™ 
Tf^df  Rciiem.  At  Lb<  pfosit  tinte  Jn  iddWift  tn  bflng  tbi  «di^  **  Thi 
W^^nity,  Mr,   Bfct'k^a   Is  t1««   P»«Wcnt   »iid  tei»i*i   iiii»g«r  «f    «»  F«n»«   Fti»* 

^lle  tiiu  b«fl  wrv  irtJtr  In  foundrs  OftnaUittlon  work.  Tltfwiltih  fell  PllWliWrt 
^!dtn«.  be  wu  pr^rtnlMiitly  ItlentiHid  *lUi  ttit  nttthnrefi  toiiidijineiti  ww*J- 
alkm.  He  iwcHfti  srmtary  tiMP«r  of  the  Artwleui  FouftdiyM j  "fwlayfln^Jj 
mi*  KUl  scrwii  e<jitijiiiw*uslf  utitll  ill*  «lfcti«i  u  prrddrnt  In  191«.  Wf.  »*»*" 
tMuitted    in^    ^i*%mt    secfilafF    i»4    HwnnJ.    «Mi    l^tur   licmijnry    mMBtw    ol    i^ 

tlK  lloldbn  Sfediine  Eanirfa^turpnt'  BKwI^nmi  until  1«  *#ii  ihsortNtd  iTuiiii  the 
«at  bf  Uie  Foundiy  BdoljKsmnt  MapufaiHimi*  iS»cl*li«i,  ef  wItVJi  Mr.  Biclfn  i» 
I  MCTHirT-ti¥timr.  He  bii  c^nrnhnt*^  »iBy  piperi  to  tJM  Ai&^rktft  Fmmdrjii'eii  ■ 
«««aeiitk»ii,  piTtkuiJrJy  m  noWirn  tit^yuc  pnctk*  wd  wst  *«!.  It  htm  kintli 
trm  fate  iiir«llptl«a  «m  itMIe^  thil  tl»  lUft^  kbI  uirt^m  Jpt  Jof  *1"  f«* 
tebu  •ItfUr  titoptjN*  wi  SnltUfH.  Mr.  Bj«*ert  «on«lwd  tJ»*"  AlU^  ■"*™ 
cQtam  litit*  «e  Md  cwJ^Trr'T^*'  ■^♦^  ''-  Imiiidrimto'i  foflvebtton  Ii»  «llw4»toi 
In  1118.     i^j    fci    lilB    lit    1  iinctpil   Immdry    rtftt^o   «r    Europe   iii 

n^fiflftUI;    lmri<4    fflr^ltn    fniitut"  Tifl    tllf    Intrr-AStlfH    Nwidnfiwji^l    ae^ 

MillOT   ipd    eifflfameij    :tt    rmUii. . -:i.i.      AbiJi    bi    Khfl«reJ    Mr.    lUdwl    wu    W 
gijHt    *t    dlniwif    plTf-n    hy    tbt    Hiitl*    Keiif»*yma*i    ntDdAtloa    ■!    I^wbJ- 
nbKflMd.      At    Bitmiiteijim    Jm    w.l^   (wtt    of    bwiof    tt   a   dinner  uii  B«*tu 
iv^cr   tfie  iiiiiEilr«a    nf    thf    Blznjngtopv   branch    vf    Ibc    Brttttb    Fi 
»^fft.  tlW  ItmUiKftsan   MfUltlff*<ii   nrhftr.    tbt   BlrmlnEbnW   «ctipo   •!   Il»ft   iMtlUU 
or    HeUU    aud    lb*    Ktaffantolrt    Ifcii    *nd    Site  I    jniatut*,      WhSli    lii    P»ii#.    b* 
jiliJiiiwri   ttf   fofimfrvTijra  tud   ititl   nwiiiificliifefs   ttf   tilt    i'lrif   dJaUfct   it   i   «floif 

fciffll    bl    bin    bapor.  .        -^    .-, ^.  .     .  t. 

llfc    Pickfft    la    a    Bieint*!'    o*    tlw    ABwtittii    Bw4*!r    tpt    Trttlnf^  lutaiu^ 
lajffteaa    Iron   juid   rt(#tl  Imiitur*.   Iran   md   8t«l   liuttllut*,    Aa»erl«a 

a   bononrf    ipfftibcr   «f   tlie    AmA-lfaij    Fwsdnrtteii's    iKoeUtlon    il    (Ik 
t'^ofnuitlon. 
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AtttFrtran  3aunhr^mmB  ABHOriattnn 
Annual  Address 

By  the  President,  A.  O.  Backert 

FROM  war  to  peace,  from  high  pressure  production  for 
ordnance  requirements  to  the  uncertainty  of  demand  for 
commercial  needs,  from  the  tense  anxiety  and  excitement 
of  a  world  conflict  for  the  preservation  of  democracy  to  an  im- 
paralleled  era  of  unbridled  unrest,  is  the  transition  of  the  found- 
ry industry  in  a  period  of  12  months.  One  year  ago  the  manufac- 
ture of  castings  to  comply  with  rigid  government  specifications 
and  the  quantity  production  of  semisteel  shells,  were  the  impor- 
tant problems  presented  for  the  earnest  consideration  of  found- 
rymen.  Today's  problems,  cast  up  in  the  wake  of  the  war, 
are  equally  important  and  equally  urgent,  and  upon  their  solu- 
tion depends  the  conversion  of  a  glorious  victory  abroad  to  an 
assured  peace  at  home. 

As  production  and  more  production  was  the  one  essential 
to  overwhelm  the  enemy,  so  increased  production  is  needed 
today  to  restore  the  equilibrium  of  trade  and  industr>'.  With 
the  constantly  growing  shortage  of  labor  and  the  decline  in 
the  manual  output  other  means  must  be  found  to  compensate 
for  this  deficiency  in  production.  This  situation  has  empha- 
sized, more  than  ever  before,  the  greater  need  of  mechanical 
appliances  in  foundry  operations  and  has  been  met  by  the  instal- 
lation of  labor-saving  equipment  on  a  scale  never  before 
equalled  in  the  history  of  the  casting  industry.  Thus,  by 
mechanical  means  will  be  solved  the  associated  problems  of 
labor  shortage  and  lack  of  production  in  the  foundry  trade,  as 
it  will  be  solved  also  in  every  other  industry. 

Several  months  ago  your  president  returned  from  an 
extended  visit  to  England  and  France  where  he  was  afforded 
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unusual  opportunities  to  study  conditions  prevailing  in  the 
foundry  and  iron  and  steel  industries.  The  people  of  both 
countries  then  were  still  suffering  from  the  tremendous  shock 
of  the  war  and  the  readjustment  of  their  industrial  activities 
to  a  normal  status  was  beset  with  many  difficulties  and  prob- 
lems that  seemed  almost  insurmountable.  Their  national  debt, 
which  exceeds  per  capita  many  times  that  of  the  United  States 
and  the  depreciated  value  of  their  money  as  measured  by  the 
dollar  standard  are  causes  for  great  concern  among  manufac- 
turers and  financiers.  Otherwise  conditions  generally  are  not 
unlike  those  confronting  us  today.  To  provide  an  income  for 
the  great  army  of  workers  precipitated  out  of  employment  with 
the  sudden  termination  of  the  war,  a  scheme  of  out-of-work 
pay  was  resorted  to  in  the  United  Kingdom.  Originally  intend- 
ed as  a  temporary  expedient  to  tide  over  these  workers,  it 
threatens  to  become  a  permanent  bonus  for  idlness  at  a  weekly 
cost  to  the  government  in  excess  of  $5,000,000.  During  the 
months  of  May  and  June  more  than  1,000,000  men  and  women 
were  given  this  support  from  the  national  treasury  and  not- 
withstanding the  tremendous  shortage  of  labor  in  the  metal- 
working  industries,  the  number  obtaining  government  support  is 
increasing  rather  than  diminishing. 

In  the  United  Kingdom  the  demobilization  of  the  army 
was  speeded-up  to  a  higher  rate  than  in  France.  The  return 
of  millions  of  these  men  to  peace-time  pursuits,  particularly 
those  who  have  been  out  of  touch  with  civil  life  for  from 
four  to  five  years  involves  difficulties  that  time  alone  can  solve. 
In  a  comparatively  limited  degree,  we  too  are  familiar  with 
the  self-discipline  involved  in  the  transition  of  our  soldiers 
from  army  to  civil  life  and  this,  in  only  small  measure  conveys 
the  situation  existing  in  the  United  Kingdom  and  France. 

Investigators    Make    Invidious    Comparisons 

It  has  been  the  prevailing  practice  of  investigators  of 
industrial  conditions  abroad  to  make  invidious  comparisons 
of  production  as  compared  with  that  of  the  United  States. 
From  the  standpoint  of  tonnage  and  per  capita  output,  par- 
ticularly in  the  metal  trades,  these  comparisons  are  borne  out 
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by  statistics.  However,  there  must  be  some  underlying  reasons 
for  the  wide  divergences  in  these  figures  and  more  than  a  cur- 
sory examination  revealed  the  causes.  It  has  been  pointed 
out  frequently  that  restraint  of  output  is  the  brake  upon  all 
industry  of  the  United  Kingdom  and  that  with  its  removal 
production  could  be  speeded  up  to  equal  that  of  this  country. 
Attention  also  has  been  directed  to  the  lack  of  labor-saving 
equipment  and  the  need  of  mechanical  appliances  to  increase 
output. 

A  more  than  superficial  investigation  of  the  foundry  indus- 
try of  the  United  Kingdom  discloses  the  effect  of  the  restraint 
of  output,  which,  however,  was  removed  during  the  closing 
years  of  the  war  and  has  not  again  been  invoked.  Mechanical 
appliances  are  not  in  such  widespread  use  in  the  casting  industry 
as  in  this  country.  Yet  many  plants  are  modernly  equipped 
throughout  and  their  practice  is  equal  to  the  best  prevailing  in 
the  foundries  of  the  United  States.  Then  what  are  the  under- 
lying causes  for  the  differences  in  the  rates  of  production?  Why 
is  the  tonnage  per  man  for  shops  engaged  in  similar  work  so 
much  greater  here  than  in  the  United  Kingdom? 

Difference  in  Standard  of  Buyers 

The  wide  divergence  in  the  standards  of  the  casting  buyers 
of  the  two  countries  is  one  of  the  underlying  reasons.  The 
insistence  upon  high  quality  and  superfine  finish  are  two 
requirements  that  slow-up  production  abroad.  The  widespread 
use  of  dry  sand  molds  in  the  United  Kingdom  and  also  in 
France,  to  provide  the  necessary  finish  demanded  by  the  trade, 
is  a  large  factor  in  reducing  the  per  capita  output.  Quality 
and  finish  have  been  carried  to  the  extreme  and  ^it  the  sacrifice 
of  quantity.  In  the  shops  in  this  country,  on  the  contrary, 
green  sand  practice  prevails  and  quantity  production  is  the  goal 
to  be  attained,  frequently  at  the  expense  of  finish  and  quality. 
That  a  happy  medium  between  the  extremes  of  quality  and 
quantity  would  serve  the  purpose  cannot  be  denied,  but  years 
of  education  in  one  direction  cannot  be  diverted  to  another 
course  without  an  equal  amount  of  training. 
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Repetition  work  in  this  country  is  one  of  the  factors  under- 
lying large  production  and  it  lends  itself  admirably  to  the  appli- 
cation of  all  kinds  of  mechanical  and  labor-saving  devices. 
With  us  it  is  not  unusual  to  make  50,000  castings  from  the 
same  pattern  and  in  the  automobile  trade  this  total  frequently 
is  exceeded.  Dealing  in  large  numbers  of  the  same  unit  enables 
the  American  foundryman  to  equip  for  quantity  production  and 
he  requisitions  for  his  use  the  most  modern  mechanical  devices 
available  to  increase  output  and  reduce  cost.  In  the  United 
Kingdom  and  France,  repetition  work  is  not  nearly  so  prevalent 
as  in  the  shops  of  the  United  States.  Quantity  production  of 
commodities  is  not  appreciated  in  the  same  degree  as  over  here, 
nor  is  the  need  for  it  nearly  so  great.  Until  this  year  quantity 
was  not  a  great  factor  in  the  motor  car  industry  abroad,  and 
even  today  the  largest  output  of  the  automobile  plants  of  both 
of  these  countries  is  dwarfed  by  the  annual  production  of  many 
of  our  motor  car  manufacturers.  Before  the  war,  it  has  been 
stated  that  the  total  pleasure  car  needs  of  France  was  only 
30,000  per  annum.  When  this  number  is  divided  among  many 
makers  it  becomes  apparent  that  repetition  work  among  French 
casting  manufacturers  cannot  be  developed  to  a  very  high 
degree. 

Lack  of  Standardization 

In  addition,  the  lack  of  standardization  in  many  of  the 
engineering  lines  reduces  repetition  work  to  the  minimum. 
Even  the  railroads  are  counted  among  the  violators  of  standards 
in  equipment  and  the  whim  of  the  designer  too  frequently  is 
the  altar  upon  which  quantity  production  is  sacrificed.  It  has 
been  stated  that  manufacturers  of  sanitary  ware  in  the  United 
Kingdom  have  patterns  in  their  vaults  for  several  thousand 
different  designs  of  bathtubs  and  it  is  not  unusual  for  an 
architect  to  enhance  the  beauty  of  his  creation  by  individually 
designed  tubs.  Thus,  the  lack  of  repetition  work  may  be 
assigned  to  a  multiplicity  of  orders  for  small  numbers  of  cast- 
ings from  a  variety  of  patterns  and  this  plays  havoc  with  pro- 
duction. Long  runs  from  single  patterns  lead  to  production  econ- 
omies largely  effected  by  the  use  of  molding  machines,  whereas 
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small  orders  for  castings  from  single  models  retard  the 
installation  of  mechanical  molding  appliances,  reduce  the  out- 
put and  are  a  factor  in  maintaining  the  uneconomical  practices 
of  the  jobbing  shop. 

To  the  comparative  lack  of  repetition  work  in  both  the 
United  Kingdom  and  France  must  be  assigned  the  prevalence 
of  the  jobbing  shop  and  the  large  number  of  small  foundries, 
willing,  even  if  not  equipped  for  the  production  of  castings 
in  iron,  brass  or  steel.  However,  this  semijob  work  is  not 
without  its  compensating  features.  It  has  a  tendency  to 
develop  skilled  molders,  whereas  our  specialty  shops  train 
men  to  one  operation,  not  one  of  whom  could  make  a  parting 
or  cut  a  gate  by  hand.  Yet  notwithstanding  these  handicaps, 
the  mechanical  equipment  of  many  of  the  foundries  of  the 
I  United  Kingdom  and  France  measure  up  to  the  best  prac- 
tice prevailing  in  this  country.  And  the  foundrymen  of  these 
countries  are  alive  to  the  progress  that  is  being  made  in 
casting  manufacture  over  here.  They  are  anxious  to  in- 
crease their  production  and  to  reduce  their  costs  and  to  at- 
tain these  ends  they  are  preparing  to  install  labor-saving 
equipment  on  an  extensive  scale. 

Competition  of  Nationalities 
Provided  with  the  same  machine  on  which  similar  pat- 
terns are  mounted  and  operated  under  practically  identical 
conditions,  English  foundrymen  who  have  had  opportunities 
to  observe  foundry  practice  in  this  country  contend  that  we 
get  the  greater  production.  That  restraint  of  output,  operat- 
ing for  many  years,  has  left  its  indelible  mark  upon  their 
workingmen  is  apparent.  Fortunately,  in  the  United  States 
there  still  prevails  the  competition  of  nationalities  which  is 
not  a  factor  in  England,  Scotland,  Ireland,  Wales  or  France. 
Perhaps  when  we  have  centuries  of  tradition  behind  us,  we 
too  may  suffer  from  the  same  lack  of  racial  competition  with 
which   we  are   favored  today. 

Steel   Casting   Manufacture 
Steel  casting  manufacture  in  the  United  Kingdom  was 
greatly  accelerated  by  the  war.     The  output   in   1918   totaled 
276,518  tons,  of  which  basic  steel  was  only   10,564  tons  as 
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compared  with  265,954  tons  of  acid  castings.  This  tremend 
ous  predominance  of  acid  over  basic  steel,  which  is  in  strik- 
ing contrast  to  the  practice  prevailing  in  this  country,  must 
be  attributed,  to  a  very  large  extent,  to  the  insistence  of  the 
army  and  navy  ordnance  departments  for  castings  made  by 
the  acid  in  preference  to  the  basic  process.  The  war  also  speeded 
the  installation  of  electric  furnaces  for  the  production  of  steel 
for  castings.  At  the  time  of  the  armistice,  37  were  in  operation 
in  foundries  with  an  actual  output  of  more  than  5000  tons 
per  month  and  11  additional  were  being  installed  which  will 
increase  the  actual  production  to  7000  tons  per  month. 

When  the  war  was  terminated,  electric  steel  casting  pro- 
duction was  at  its  height  in  the  United  Kingdom,  as 
indicated  by  the  output  of  46,637  tons  in  1918  and  compared 
with  108,296  tons  for  the  United  States  in  the  same  period. 
Of  the  total  steel  casting  output  of  the  United  Kingdom  in 
1918,  the  electric  process  accounted  for  17  per  cent  against 
77  per  cent  for  the  United  States,  indicating  a  production 
in  proportion  to  the  total  steel  casting  output  more  than 
twice  as  great  as  that  of  this  counry. 

Converter  Process  Predominates 

A  further  analysis  of  the  steel  casting  statistics  for  both 
countries  in  1918  reveals  striking  differences  in  practice. 
Steel  for  casting  purposes  made  in  converters  in  the  United 
Kingdom  exceeded  open-hearth  production  by  1936  tons, 
the  former  having  totaled  116,231  tons  against  113,630  tons 
for  the  latter.  In  the  United  States,  on  the  contrary,  where 
the  open-hearth  process  predominates,  the  production  of  con- 
verter steel  last  year  was  160,844  tons  as  compared  with 
1,140,830  tons  of  open-hearth  steel.  In  the  United  Kingdom 
converter  steel  represents  42  per  cent  of  the  output  as  con- 
trasted with  11.3  per  cent  in  this  country  and  open-hearth 
only  41  per  cent  against  80  per  cent  in  the  United  States. 
Among  the  converter  processes  employed  in  the  United 
Kingdom  the  Tropenas  leads  with  53,633  tons;  the  ordinary 
side-blow  process  is  second  with  48,858  tons  and  the  Stock, 
oil-fired  converter  is   third   with    13,075   tons.     Classified   as 
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basic  converter  steel  is  665  tons.  No  records  are  available 
of  the  production  of  steel  castings  by  the  crucible  process 
in  the  United  Kingdom  and  statistics  of  last  year's  output 
in  the  United  States  indicates  also  that  this  process  is  pass- 
ing in  this  country.  Statistics  of  the  steel  casting  production 
of  the  United  Kingdom  and  the  United  State^  for  1918, 
follow : 

Analsrsis  of  Steel  Casting  Output,  United  Kingdom  and 
United  States,  1918 

United  United 

Kingdom  States 

Tons  Tons 

Acid    open-hearth    103,731  634.950 

Basic  open-hearth    9,899  505,880 

Converter    116,231  160,844 

Electric    46,657  108,296 

Crucible   1,330 

Miscellaneous    110 

Total     276,518  1.411,410 

In  many  of  the  English  plants  the  combined  installations 
of  cupolas  and  converters  are  unique.  For  the  purpose  of 
eliminating  the  handling  of  the  metal  in  ladles  from  the 
cupolas  to  the  converters,  the  melting  furnaces  are  located  on 
platforms  at  a  considerable  height  above  the  floor  level  to 
permit  of  tapping  the  iron  direct  from  the  cupola  spout  into 
the  converters.  Troughs  are  provided  for  directing  the  metal 
into  the  mouth  of  either  converter,  one  being  located  on  either 
side  of  the  cupola. 

Following  the  curtailment  of  ordnance  buying  and  the 
cancellation  of  existing  contracts  in  November  last  year, 
many  electric  furnaces  in  steel  foundries  were  shut  down 
and  the  production  this  year  will  show  a  material  decline  in 
the  United  Kingdom.  This  is  due  to  the  high  cost  of  manu- 
facturing this  grade  of  steel  and  the  comparatively  limited 
demand  for  electric  steel  castings  for  commercial  purposes. 

British    and    French    Foundrymen    Extend    Hospitalities 

The  generous  hospitality  and  the  many  courtesies  showered 
upon  your  executive  while  abroad  by  British  and  French 
foundrymen,  were  manifestations  of  the  kindly  feeling  and  love 
of  the  people  of  these  two  great  nations  for  their  American 
ally.    Your  president  was  asked  to  convey  to  you  a  message  of 
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good-will  from  the  casting  manufacturers  of  the  United  King- 
dom and  France  coupled  with  the  hope  that  the  bond  of  friend- 
ship cemented  by  the  war,  would  never  be  broken.  Your  presi- 
dent was  the  guest  of  the  Rover  Co.,  Ltd.,  and  the  Daimler 
Co.,  Ltd.,  at  a  complimentary  dinner  in  his  honor  at  Coventry 
on  April  30.  Following  the  dinner  he  addressed  a  meeting  of 
the  members  of  the  Coventry  branch  of  the  British  Foundry- 
men's  association.  On  Saturday,  May  3,  your  president  was 
the  guest  of  the  British  Foundrymen's  association  and  the 
Sheffield  branch  of  this  organization  at  a  dinner  at  Sheffield, 
which  was  presided  over  by  T.  H.  Firth,  president  of  the 
national  association.  It  was  attended  by  the  members  of  the 
council  and  prominent  foundrymen  and  steel  manufacturers  of 
the  Sheffield  district.  On  Monday,  May  5,  your  president  was 
tendered  a  reception  and  dinner  at  Birmingham  by  the  kindred 
Metallurgical  associations  of  this  great  metal-working  district. 
On  this  occasion  it  also  was  his  privilege  to  deliver  an  address 
before  the  members  of  these  societies  at  the  Birmingham 
University. 

Your  president  also  had  the  privilege  and  honor  to  attend 
the  first  reception  and  dinner  of  the  French  Foundrymen's 
association  since  the  beginning  of  the  war  in  1914.  All 
meetings  of  this  organization  were  postponed  until  after  the 
enemy  was  vanquished  and  the  gathering  at  Paris  on  May  24, 
was  in  the  nature  of  a  peace  celebration  coupled  with  the 
resumption,  of  the  normal  functioning  of  this  organization.  On 
behalf  of  the  American  Foundrymen's  association  your  presi- 
dent extended  hearty  invitations  to  the  casting  producers  of  the 
United  Kingdom  and  France  to  attend  this  great  convention 
and  exhibit. 

We  have  a  large  number  of  these  visitors  with  us  today, 
and  we  extend  to  them  a  hearty  welcome.  By  their  journey 
oversea  they  are  helping  to  build  a  bridge  of  friendship,  which 
forever  should  tie  together  the  Allies  of  the  Great  War.  Le: 
us  reciprocate  in  kind.  This  is  the  occasion  for  us  to  demon- 
strate to  them  our  love  and  good-will  and  let  it  be  so  expressed 
that  it  will  form  the  piers  of  that  bridge  of  friendship  that 
more  than  by  any  other  means  will  give  assurance  for  the  peace 
of  the  world. 
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During  the  year  your  association  established  a  home  of  its 
own  in  commodious  offices  in  the  city  of  Chicago.  With  a  sec- 
retary and  a  competent  organization  that  can  devote  all  of  its 
time  and  energy  to  association  affairs,  its  accelerated  growth 
and  increased  usefulness  and  influence  is  assured.  While  the 
membership  has  increased  at  a  normal  average  rate  during  the 
year,  the  enrollment  is  representative  of  not  more  than  25  per 
cent  of  those  entitled  to  affiliation  with  this  society.  It  is  for- 
tunate that  the  foundrymen  who  constitute  this  minority  so 
bravely  accept  the  burden  of  the  foundry  trade  of  the  North 
American  continent  to  foster  these  great  meetings  and  exhibi- 
tions. Let  us  hope  that  the  overwhelming  majority  not  now 
affiliated  some  day  will  see  the  light  and  will  assume  its  share 
of  the  great  responsibility  of  promoting  the  progress  and 
advancement  of  the  foundry  industry  of  America. 

For  the  success  of  this  meeting  and  the  wonderful  display 
of  labor-saving  equipment  in  the  Commercial  Museum  we  are 
deeply  indebted  to  our  untiring  secretary  and  his  corps  of 
assistants.  Throughout  the  year  he  has  lightened  the  duties  of 
my  office  in  every  possible  way  and  to  him  and  to  the  directors, 
committee  members  and  others  who  have  given  so  freely  of 
their  time  and  energy  for  the  growth  of  this  association,  I  wish 
to  express  my  warm  appreciation  and  hearty  thanks.  Never 
was  man  privileged  to  work  with  a  better,  more  earnest  or 
congenial  crowd. 

Before  closing  I  wish  to  recall  to  you  the  great  loss  which 
our  organization  sustained  in  the  death  of  Major  Jos.  T.  Speer, 
on  Jan.  5,  this  year.  Since  his  affiliation  with  us  many  years 
ago,  no  task  was  too  great  and  no  duty  too  trivial,  which  he  did 
not  perform  cheerfully  and  well  in  our  behalf.  His  ability  and 
devotion  were  recognized  by  his  election  to  the  presidency  for 
two  terms  in  1912  and  1913,  and  since  that  time  he  served  as 
a  member  of  our  board  of  directors  until  failing  health  caused 
bim  to  decline  re-election.  Appropriate  resolutions  already  have 
l)een  adopted  by  the  board  of  directors  and  I  suggest  that  we 
ri.sc  and  pay  silent  tribute  to  his  memory. 
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To  the  Members  of  the  American  Foundrymen's  Association, 
Inc.: 

Two  meetings  of  the  Board  of  Directors  of  the  Amer- 
ican Foundrymen's  Association,  Inc.,  were  held  during  the 
fiscal  year,  one  at  Milwaukee,  Oct.  9,  1918,  and  the  other  at 
Philadelphia,  Pa.,  Feb.  7,  1919. 

At  the  Milwaukee  meeting  the  board  organized  and 
elected  officers.  They  also  passed  an  amendment  to  the  By- 
laws increasing  active  member  dues  from  $10  to  $12,  and 
associate  member  dues  from  $5  to  $6.  At  this  meeting  it  was 
decided  to  postpone  the  transfer  of  the  properties  and  business 
affairs  to  the  newly  elected  Secretary-Treasurer  until  the  next 
meeting  of  the  Board  of  Directors. 

At  the  Philadelphia  meeting,  Feb.  7,  1919,  the  first  order 
of  business  was  the  appointment  of  a  committee  by  President 
Backert,  consisting  of  Messrs.  Howell,  Pero  and  Minich,  to 
draft  suitable  resolutions  on  the  death  of  former  president, 
Major  Joseph  T.  Speer,  who  died  at  his  home  in  Pittsburgh, 
Jan.  5,  1919.  These  resolutions,  presented  later  in  the  day, 
were  adopted  by  a  rising  vote  and  ordered  spread  upon  the 
records,  and  are  contained  in  full  in  the  minutes  of  that 
meeting. 

A  special  committee  was  also  appointed  by  the  President 
to  draft  a  telegram  to  be  sent  by  the  Board  of  Directors  to 
former  President  Major  R.  A.  Bull,  who  had  on  the  day 
previous  returned  from  service  in  France. 

The  report  of  the  1918  Committee  on  Exhibits  was  received 
and  it  was  decided  to  set  aside  the  sum  of  $5000  out  of  the 
earnings  of  the  Department  of  Exhibits  for  the  year  1918,  as 
a  reserve  fund,  to  transfer  $1000  from  the  Department  of 
Exhibits  to  the  Technical  Department,  and  to  pay  to  the 
Institute    of    Metals    Division    of    the    American    Institute    of 
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Mining  and   Metallurgical  Engineers,  the  sum  of  $250,   from 
the  funds  of  the  Department  of  Exhibits. 

On  April  7,  1919,  Mr.  H.  E.  Diller  tendered  his  resigna- 
tion as  a  director  of  the  association,  and  in  doing  so  stated  that 
he  considered  his  election  as  due  to  his  position  with  the 
General  Electric  Co.,  and  now  that  he  was  no  longer  with 
that  company,  but  with  one  which  w^as  already  represented  on 
the  Board  of  Directors,  he  desired  to  tender  his  resignation. 
This  was  reluctantly  accepted  by  President  Backert,  who,  to  fill 
the  vacancy,  appointed  Lieut.  S.  Griswold  Flagg  III,  who  had 
resigned  as  vice  president  and  director  of  the  association  during 
1917,  having  been  commissioned  as  naval  constructor,  with 
rank  of  lieutenant,  senior  grade,  U.  S.  N.  R.  F. 

One  meeting  of  the  1918  Exhibition  Committee  was  held 
at  Philadelphia,  Feb.  7,  1919.  At  this  time  the  report  of  C.  E. 
Hoyt,  exhibition  manager  in  charge  of  the  Milwaukee  exhibit, 
was  received. 

One  meeting  of  the  1919  Exhibition  Committee  was  held 
during  the  fiscal  year,  at  Cleveland,  May  13,  1919,  at  which 
time  preparations  were  made  for  the  exhibit  to  be  held  in 
Philadelphia  the  week  of  Sept.  29. 

The  reports  of  the  various  meetings  of  the  Board  of 
Directors,  Exhibit  Committee  meetings,  etc.,  are  appended 
hereto. 

Respectfully  submitted, 
C.  E.  HoYT,  Secretary-Treasurer. 
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Annual  Meeting  of  th^  Board  of  Directors  of  the 
American  Foundrymen's  Association,  Inc.,  Held  at  the 
Milwaukee  Auditorium,  Milwaukee,  Monday,  Oct.  7,  1918. 

Pursuant  to  a  call  for  the  annual  meeting  of  the  Board  of 
Directors  of  the  American  Foundrymen's  Association,  Inc.,  issued 
by  President  B.  D.  Fuller,  a  meeting  of  the  board  was  held  at  the 
Milwaukee  Auditorium,  Milwaukee,  at  noon,  Monday,  Oct.  7,  1918. 
However,  in  the  absence  of  a  quorum,  President  Fuller  adjourned 
the  meeting  to  the  evening  of  the  seventh,  at  the  Milwaukee  Athletic 
club. 

Benj.  D.  Fuller,  President, 
A.    O.    Backert,   Secretary. 

Annual  Meeting  of  the  Board  of  Directors  of  the 
American  Foundrymen's  Association,  Inc.,  Held  at  Mil- 
waukee Athletic  Club,  Milwaukee,  Monday  Evening, 
Oct.  7,  1918. 

The  adjourned  meeting  of  the  Board  of  Directors  of  the 
American  Foundrymen's  Association  called  for  noon,  Monday,  Oct- 
7,  was  held  at  the  Milwaukee  Athletic  Club,  Milwaukee,  Mondav 
Evening,    Oct.    7,   1918. 

The   following  were   in   attendance: 

H.  R.  Atwater,  Cleveland   Osborn   Mfg.   Co.,   Cleveland. 

A.   O.    Backert,   The    Penton    Publishing    Co.,    Cleveland. 

H.   E.  Diller,  General   Electric   Co..  Erie,  Pa. 

A.  E.   Howell.  Phillips   &  Buttorff  Mfg  Co.,   Nashville,   Tenn. 
C.  E.   Hoyt,   Chicago. 

W.   A.   Janssen,    Canadian    Steel    Foundries,    Ltd.,   Montreal. 

S.  T.  Johnston.  S.  Obcrmayer  Co.,  Chicago. 

Y.  E.  Minich,  Sand  Mixing  Machine  Co..  New  York. 

C.  E.  Hoyt  discussed  the  work  of  the  War  Service  Committee 
at  Washington,  which  subsequently  will  take  the  form  of  a  written 
report  and  which  will  be  included  in  the  bound  volumes  of  the 
Transactions. 

B.  D.  Fuller.  President,  who  is  a  member  of  the  Committee 
on  Iron  and  Steel  Scrap  of  the  American  Iron  and  Steel  Institute, 
also  reported  briefly  on   the  year's  activities. 

The  Secretary,  A.  O.  Backert,  presented  letters  received  from 
E.  N.  Hurley,  president  of  the  I'nitcd  States  Shipping  Board, 
recommending  the  appointment  of  a  committee  on  merchant  marine 
and  this  was  unanimously  favored  by  all  of  the  directors  present. 
It  was  suggested  that  the  appointment  of  such  committees  by  the 
tssociation  be  considered  and  recommendations  urging  the  drafting 
of  resolutions  by  the  separate  bodies  also  were  made.  It  also 
was  the  concensus  of  opinion  that  a  resolution  be  sent  to  the 
President    of    the    United    States,    by    the    conventions,    demanding 

12 


Digitized  by  VjOO^ IC 


Annual  Report  of  the  Board  of  Directors  13 

the  immediate  and  abject  surrender  of  the  enemy.  A  committee 
consisting  of  Messrs.  Howell,  Minich  and  Backert  was  appointed 
by  President  Fuller  to  draft  such  a  resolution. 

C.  E.  Hoyt  directed  attention  to  valuable  services  rendered  by 
Emlyn  Thomas,  assistant  to  the  secretary,  who  has  been  employed 
by  the  association  at  a  salary  of  only  $50  per  month  by  the  tech- 
nical department  and  $25  per  month  by  the  Exhibition  Department. 
Mr.  Hoyt  was  of  the  opinion  that  Mr.  Thomas  should  receive 
additional  compensation  for  his  services  and  he  proposed  that  Mr. 
Thomas  be  paid  the  sum  of  $300  as  additional  compensation  for  his 
valuable  services  so  faithfully  and  loyally  rendered.  It  also  was 
recommended  by  Mr.  Hoyt  that  this  sum  be  charged  against  the 
Exhibition  account.  This  motion  was  seconded  by  V.  E.  Minich 
and  carried  unanimously. 

The  secretary  then  presented  the  resignation  received  from 
Stanley  G.  Flagg  III.  which  had  been  accepted  by  the  president 
shortly  after  its  receipt.  A.  E.  Howell,  on  behalf  of  the  Board 
of  Directors  requested  that  Lieutenant  Flagg's  resignation  be 
received  with  an  expression  of  keen  regret  but  at  the  same  time 
he  is  to  be  applauded  for  his  great  devotion  to  his  country  in  a 
time  when  his  services  are  greatly  needed.  Mr.  HowelFs  motion 
was  seconded  by  S.  T.  Johnston  and  the  resignation  of  Lieutenant 
Flagg  as  vice  president  was  accepted  by  the  Board,  this  action 
being  in  the  form  of  a  ratification  of  the  action  taken  by  President 
Fuller  earlier  in   the   summer. 

C.  E.  Hoyt.  Exhibition  Manager,  presented  a  report  on  the 
exhibition  in  which  he  approximated  the  number  of  exhibitors, 
gate  receipts  for  the  first  day,  etc.  Mr.  Hoyt  pointed  out  that 
upon  the  advice  of  the  president  and  secretary  it  was  decided  not 
to  make  any  change  in  the  admission  charge  but  to  deduct  the 
war  tax  from  the  gate  receipt.  It  also  was  decided  to  continue 
the  policy  of  admitting  ladies  free  to  the  exhibition.  This  action 
of  the  officers  was  ratified  by  the  Board  upon  motion  by  W.  A. 
Janssen    which    was    seconded    by    H.    E.    Diller. 

The  President  announced  that  a  meeting  of  the  newly  elected 
Board  of  Directors  would  be  held  at  noon,  Wednesday,  Oct.  9, 
in  the  Board  of  Directors'  room  of  the  Milwaukee  Auditorium. 

There  being  no  further  business  the  meeting  adjourned. 

Benj.  D.  Fuller,  President 
A.   O    Backert,  Secretary. 

Meeting  of  the  Board  of  Directors  of  the  American 
Foundrymen's  Association,  Held  in  the  Board  of  Direc- 
tor's Room,  Milwaukee  Auditorium,  Milwaukee,  Wednes- 
day, Afternoon,  Oct.  9,  1918. 

Following  the  session  of  the  annual  meeting  of  the  meTibc-* 
of  the  American  Foundrymen*s  Association,  Inc..  held  Wednesday 
morning,  Oct.  9,  at  which  the  members  of  the  Board  of  Directors 
were  elected,  a  meeting  of  this  Board  was  held  in  the  Board  of 
Director's  room  of  the  Milwaukee  Auditorium  in  the  afternoon  of 
this  day  for  the  purpose  of  electing  officers  and  transacting 
such    other   business   as    might    be    presented. 

At  the  session  of  the  annual  meeting  held  Wednesday  morning, 
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Oct.  9,  the  following  were  elected  members  of  the  Board  ot 
Directors  of  the  American   Foundrymen's  Association: 

H.   R.   Atwater,   Cleveland  Osborn   Mfg.   Co.,   Cleveland. 

A.   O.    Backert,  The   Penton   Publishing   Co.,   Cleveland. 

W.  R.  Bean,  Naugatuck  Malleable  Iron  Works,  Naugatuck, 
Conn. 

R.  A.   Bull,   Duquesne  Steel   Foundry   Co.,   Pittsburgh. 

H.  A.  Carpenter,  General  Fire  Extinguisher  Co.,  Providence, 
R.  I. 

H.  E.  Diller,  General  Electric  Co.,  Erie,  Pa. 

A.  E.  Howell,  Phillips  &  Buttorff  Mfg.  Co.,  Nashville,  Tenn. 

C.    E.   Hoyt,   Chicago. 

W.   A.   Janssen,    Canadian    Steel   Foundries,   Ltd.,    Montreal. 

S.  T.  Johnston,  S.  Obermayer  Co.,  Chicago. 

C.  S.  Koch,   Fort  Pitt  Steel   Casting  Co.,   McKeesport,   Pa. 

W.  G.  Kranz,  National  Malleable  Castings  Co.,  Cleveland. 

V.   E.   Minich,  Sand   Mixing  Machine   Co.,  New  York. 

C.   R.  Messinger,  Chain   Belt   Co.,   Milwaukee. 

J.  P.  Pero,  Missouri  Malleable  Iron  Co.,  East  St.  Louis,  111. 

H.  B.  Swan,  Cadillac  Motor  Car  Co.,  Detroit. 

The  following  members  of  the   Board  were  in  attendance: 

V.  E.  Minich,  A.  E.  Howell,  S.  T.  Johnston,  H.  B.  Swan,  C.  R. 
Messinger,  H.  R.  Atwater,  C.  E.  Hoyt,  W.  A.  Janssen,  A.  O. 
Backert  and  C.  S.  Koch. 

For  the  purpose  of  effecting  an  organization,  retiring  President 
B.  D.  Fuller  was  selected  chairman. 

Nominations  for  the  office  of  president  of  the  American 
Foundrymen's  Association  were  called  for  and  A.  E.  Howell, 
Phillips  &  Buttorff  Mfg.  Co..  Nashville,  Tenn.,  nominated  A.  O. 
Backert,  The  Penton  Publishing  Co.,  Cleveland,  for  this  office. 
After  having  been  seconded  a  motion  was  made  that  nominations 
be  closed. 

Nominations  for  the  office  of  vice  president  of  the  American 
Foundrymen's  Association  then  were  called  for.  It  was  decided 
to  ballot  and  after  a  number  of  ballots,  W.  A.  Janssen,  Canadian 
Steel  Foundries,  Montreal,  received  a  majority  and  it  was  decided 
to  make  his  nomination   unanimous,   which  carried   without  dissent. 

Nominations  for  the  office  of  secretary  and  treasurer  then  were 
called  for  and  a  motion  was  made  by  W.  A.  Janssen  and  seconded 
by  S.  T.  Johnston,  that  the  office  of  secretary  and  treasurer  be 
combined.  This  motion  prevailed  unanimously.  Upon  motion 
which  was  duly  seconded,  C.  E.  Hoyt,  exhibition  manager,  was 
nominated  for  this  office.  It  was  then  moved  and  seconded  that 
nominations   be   closed. 

Following  the  selection  of  the  above  named  gentlemen  for  the 
offices  of  President,  Vice  President  and  Secretary-Treasurer,  and  at 
the  request  of  the  Secretary,  the  ballot  was  unanimously  cast  by 
A.  E.  Howell.  The  officers  of  the  American  Foundrymen's  Asso- 
ciation,  Inc.,   for   the   year   1918-1919,   as   elected,    follow: 

President — A.  O.  Backert,  The  Penton  Publishing  Co.. 
Cleveland. 

Vice  President — W.  A.  Janssen,  Canadian  Steel  Foundries. 
Montreal. 

Secretary-Treasurer — C.    E.    Hoyt,    Chicago. 

It  was  suggested  that  an  executive  committee  of  the  Board  of 
Directors  be  appointed  to  transact  business  in  the  interim  between 
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meetings  of  the  Directors  of  the  American  Foundrymen's  Asso- 
ciation. Motion  was  made  by  A.  E.  Howell  and  seconded  by 
C,  R.  Messinger,  that  a  committee  of  five  (5)  be  appointed  to 
consist  of  the  three  (3)  officers  of  the  Association  and  two  (2) 
other  members  of  the  Board  to  be  appointed  by  the  President. 
After  a  brief  discussion,  this  motion  prevailed   without   dissent. 

The  retiring  secretary,  A.  O.  Backert,  then  directed  attention  to 
the  increased  cost  of  operating  the  Association  and  conducting 
the  affairs  and  recommended  that  the  dues  of  both  active  and  as- 
associate  members  be  increased.  Following  discussion  Mr.  A.  £. 
Howell  oflFered  the  following  amendment  to  the  By-laws  of  the 
American   Foundrymen's   Association,   Inc.: 

Resolved,  That  Article  7,  Section  1  be  amended  to  read  as 
follows: 

"The  entrance  fee  for  active  members  shall  be  $10.00,  which 
must  be  submitted  with  the  application.  Dues  for  Active  members 
shall  be  $12.00  per  annum." 

And   that  Article   7,  Section   2  be   amended   to   read: 

"The  entrance  fee  for  Associate  members  shall  be  $5.00  which 
must  be  submitted  with  application.  Dues  for  Associate  members 
shall  be  $6.00  per  annum." 

The  question  of  the  transfer  of  the  property  of  the  Asso- 
ciation from  the  retiring  Secretary-Treasurer,  A.  O.  Backert,  to  the 
newly  elected  Secretary-Treasurer,  C.  E.  Hoyt,  was  then  discussed 
at  length.  It  was  pointed  out  that  C.  E.  Hoyt  in  his  capacity  as 
exhibition  manager,  would  be  busily  engaged  with  the  work  of 
winding  up  the  affairs  of  the  Milwaukee  exhibition  for  several 
months  and  it  was  suggested  that  all  matters  relating  to  the 
salaries  of  the  retiring  Secretary-Treasurer  for  the  interim  pending 
transfer  of  the  properties  and  business  affairs  to  the  newly-elected 
Secretary-Treasurer,  be  held  in  abeyance  until  the  next  meeting 
of  the  Board  of  Directors.  Mr.  Howell's  recommendation  was 
made  in  the  form  of  a  motion  and  having  been  seconded  it  was 
the  unanimous  expression  of  the  members  of  the  Board  that  these 
matters  be  held  in  abeyance  until  the  next  meeting  of  the  Board 
of  Directors. 

There  being  no  further  business,  the  meeting  was  adjourned. 

Benj.    D.   Fuller,  President, 
A.    O.    Backert,    Secretary. 

Minutes  of   Meeting   of   Board  of   Directors  of  the 

American  Founduymen  s  Association,  Inc.,  Held  at  Belle- 

vue-Stratford   Hotel,    Philadelphia,   Pa.,    Friday,    Feb.   7, 

1919. 

The    meeting   was   called    to   order   by    President   A.   O.    Backert 
in   the   chair,   and   the    following   directors   were    present: 
A.    O.    Backert,    Penton    Publishing    Co.,    Cleveland.    O. 
W.   A.   Janssen,   Canadian   Steel    Foundries,   Montreal. 
C.  E.   Hoyt,  Chicago. 

H.    R.    Atwater,    Cleveland-Osbo-n    Mfj^.    Co..    Cleveland.    O. 
W.  R.   Bean.  Eastern   Malleable   Iron   Works.   Naugatuck,   Conn. 
H.    A.    Carpenter,    General    Fire    Extinguisher    Co.,    Providence, 

R.    I. 
H.    E.    Diller,    Penton    Publishing    Co.,    Cleveland,   O. 
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A.  E.  Howell,  Phillips  &  Buttorff  Mfg.  Co.,  Nashville,  Tcnn. 
S.  T.  Johnston,  S.  Obermayer  Co.,  Chicago. 
C.  R.  Messinger,  Sivyer  Steel  Casting  Co.,  Milwaukee,  Wis. 
V.  E.  Minich,  Sand   Mixing  Machine  Co.,   New  York  City. 
J.  P.  Pero,  Missouri  Malleable  Iron  Co.,  E.  St  Louis,  IlL 
H.   B.   Swan,   Cadillac   Motor   Car   Co.,   Detroit,   Mich. 

Minutes  of  the  meeting  of  the  special  committee  in  Milwaukee, 
February   25    and   26,    1918,    were    read    and    approved. 

Minutes  of  the  annual  meeting  of  the  Board  of  Directors 
held  at  noon  Monday,  Oct.  7,  1918,  at  Milwaukee,  minutes  of  the 
adjourned  annual  meeting  held  at  the  Milwaukee  Athletic  club  the  eve- 
ning of  Oct.  7,  1918,  and  the  minutes  of  the  meeting  of  the  Board 
of  Directors  held  in  Milwaukee,  Wednesday  afternoon,  Oct.  9, 
1918,  were  all  read   and   approved  as  read. 

A  committee  was  appointed  by  the  President,  consisting  of 
Messrs.  Howell,  Pero  and  Minich,  to  draw  up  suitable  resolutions 
on    the   death   of   former   president,    Major   Joseph    T.   Speer. 

A  committee  was  appointed  by  the  President,  consisting  of 
Messrs.  Carpenter  and  Pero,  to  draw  up  a  telegram  to  be  sent 
by  the  Board  of  Directors,  to  former  president  Major  R.  A.  Bull, 
who  had,  on  the  day  previous,  returned  from  France. 

The  President  declared  that  the  meeting  of  the  Board  of 
Directors  would  stand  adjourned  to  be  called  later  in  the  day, 
following    the    meeting    of   the    Exhibition    Committee. 

A.   O.   Backert,  Chairman, 
C.   E.   HoYT,  Secretary. 

Minutes  of  Adjourned  Meeting  of  Board  of  Directors 
OF  American  Foundrymen's  Association,  Inc.,  Bellevue- 
Stratford  Hotel,  Philadelphia,  Pa.,  Friday,  Feb.  7,  1919. 

Meeting  called  to  order  by  President  Backert  in  the  chair.  All 
of  the  directors  present  at  the  mornini?  meeting  were  present  at  the 
adjourned  meeting,  and  were  joined  by  Mr.  C.  S.  Koch. 

The  Secretary  read  the  followinjr  as  recommendations  by  the 
Exhibit   Committee  to  the   Board   of   Directors: 

First. — ^That  the  sum  of  $5000  be  set  aside  as  a  reserve  fund,  out 
of   the  earnings  of   the   1918   Exhibit. 

Second. — That  the  exhibits  be  open  one  night  each  year. 

TAiVrf.-— That  the  sum  of  $1000  be  paid  to  the  Technical  Department 
of  the  American  Foundrymen's  Association,  Inc.,  out  of  the  earnings 
of  the  1918  exhibit. 

Fourth. — That  the  sum  of  $250  be  paid  to  the  Institute  of  Metals 
Division  of  the  American  Institute  of  Mining  Engineers,  out  of  the 
earnings  of  the   1918  exhibit. 

Moved  by  Mr.  Janssen  and  second  by  Mr.  Messinger  that  the 
recommendations  of  the  retiring  exhibit  committee  be  accepted 
and   adopted.     Carried. 

President  Backert  then  submitted  the  following  report  covering 
cash  and  material  turned  over  by  th**  retiring  Secretary,  A.  O 
Backert,  to  the  new  Secretary,  C.  E.  Hoyt. 


Digitized  by  VjOO^ IC 


Annual  Report  of  the  Board  of  Directors  17 

Money — 

Central  National  Bank,  Technical  Account $2,859.04 

Sapcrior    Savings    &    Trust    Co.,    Exhibition    Account 11,481.31 

Superior   Savings   &  Trust   Co.,   Cost-Keeping    1,688.33 

Superior  Savings  &  Trust  Co.,  Research  Fund   357.71 

$16,386.39 
Materials — 

1  Model  5  Underwood   Typewriter 

2  letter    filing   cabinets. 
1   pamphlet   filing   case. 

1  4-drawer  filing  cabinet. 

1  sectional  bookcase,  5   tiers. 

1   steamer   trunk. 

213  bound   volumes  of  Transactions  A.  F.  A. 

Membership    Record    Cards,    record    books,    bank   books,    check 

books  and  supplies,  including  copies  of  cost  bulletins,  year 

books,   pamphlets,    etc. 

The  statement  was  made  that  at  the  annual  meeting  of  the 
Board  of  Directors  held  in  Milwaukee,  Oct.  9,  1918,  when  the 
officers  for  the  ensuing  year  were  elected,  it  was  moved  that  all 
matters  pertaining  to  salaries  be  held  in  abeyance  until  a  future 
meeting  of  the  Board  of  Directors,  to  be  held  after  the  newly 
elected  Secretary  had  completed  his  work  on  the  1918  exhibit, 
and  a  transfer  of  the  work  of  the  Secretary's  office  had  been  made 
from   Cleveland   to   Chicago. 

Following  this  statement  it  was  moved  by  Mr.  Minich  and 
seconded  by  Mr.  Carpenter,  that  due  to  the  large  amount  of  work 
in  transferring  the  office  of  the  secretary,  the  salary  of  the  former 
secretary  be  continued  until  March  1,  at  which  time  it  was 
anticipated  that  all  transfers  would  be  completed.    Motion  prevailed. 

The  question  of  the  salary  of  the  Secretary-Treasurer  was 
then  taken  up,  and  it  was  moved  by  Mr.  Messinger  and  seconded 
by  Mr.  Howell,  that  the  salary  of  C.  E.  Hoyt  as  Secretary- 
Treasurer  of  the  American  Foundrymen's  Association,  Inc.,  dating 
from  Dec.  15,  1918,  should  be  $150  per  month.  Moved  by  Mr. 
Messinger  and  seconded  by  Mr.  Howell,  that  the  salary  of  C.  E. 
Hoyt  as  Manager  of  the  Department  of  Exhibits  of  the  American 
Foundrymen's  Association,  Inc.,  dating  from  December  15,  1918, 
be  $500   per  month.     Motions   prevailed. 

Moved  by  Mr.  Howell  and  seconded  by  Mr.  Swan,  that  the 
President  and  Secretary  be  authorized  to  secure  an  editorial 
assistant  who  would  be  secretary  of  the  Committee  on  Papers, 
at  a  salary   not   to    exceed   $1200   per   annum.     Motion    prevailed. 

At  this  point  Mr.  Pero  read  a  draft  of  the  telegram  to  be  sent 
to  former  President  Major  R.  A.  Bull,  which  was  adopted  by 
a  rising  vote   and   ordered   made  a   part  of   the   records. 

"The  Board  of  Directors  o^  the  American  Foundrymen's 
Association  are  in  session.  The  first  matter  of  business  was  to 
appoint  a  committee  to  extend  to  you  a  welcome  home.  We  are 
overjoyed  and  wish  you  had  been  able  to  meet  with  us.  We  are 
proud  of  you  and  the  distinction  you  have  attained.  At  one 
o'clock  we  will  think  of  you  and  Mrs.  Bull,  raise  our  glasses  and 
drink  your  heath  and  wish  you  all  that  cheero  implies.  This  has 
been   read    and    unanimously    ratified. 

"Carpenter   and   Pero." 
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Following  the  reading  of  the  telegram  the  meeting  recessed 
for   luncheon. 

After  luncheon  the  committee  appointed  to  audit  the  report 
of  the  Manager  of  Exhibits,  reported  that  they  had  gone  over  the 
auditor's  statement  and  itemized  statement  attached,  and  found 
same  correct.  Moved  and  carried  that  the  report  of  the  committee 
be  accepted. 

The  report  of  the  committee  on  the  resolutions  on  the  death 
of  former  president,  Major  Joseph  T.  Speer,  was  read  and  adopted 
by  a  rising  vote. 

"On  January  5,  1919,  the  American  Foundrymen's  Association 
lost  Major  Joseph  T.  Speer.  Major  Speer  became  attached  to  tht 
association  in  1909  and  was  promptly  recognized  as  a  spirit  des- 
tined to  lead  in  the  Association's  activities.  He  was  made  vice 
president  in  that  year  and  was  president  at  the  Pittsburgh  and 
Buffalo  meetings,  and  at  the  latter  was  elected  an  honorary  life 
member. 

"Major  Speer  was  a  member  of  the  committee  that  was 
charged  with  the  guiding  of  the  Association  through  its  transition 
period,  when  being  reconstructed  to  a  chartered  corporation.  He 
was  unremitting  in  his  zeal  and  loyalty  to  the  best  interests  of 
the  Association.  He  was  always  hearty,  sometimes  bluff  because 
frank  and  vigorous  in  action,  but  no  one  who  knew  Major  Speer, 
but  knew  that  very  close  to  the  surface  was  a  heart  as  tender 
as  a  woman's,  a  dauntless  courage  of  conviction,  and  a  devotion 
as  true  as  the  magnetic  needle. 

"A  distinguished  success  in  his  own  business,  he  brought  to 
our  Association  ripe  counsel,  and  a  broad  acquaintance  with  men 
and  affairs  touching  our  Association's  interests.  Our  Association 
will  continue  to  progress  on  the  foundation  to^  which  Major 
Speer  potently  contributed;  but  those  with  whom  h*e  mingled,  and 
who  came  under  the  charm  of  his  intimacy  and  friendship,  can 
never  forget  him,  nor  lose  their  appreciation  of  his  services  to  the 
American    Foundrymen's   Association. 

"Because  of  our  love  and  appreciation,  we  wish  this  tribute 
of  him  recorded  on  the  minutes  of  the  Board  of  Directors,  and 
a  copy  transmitted  to  his  family. 

"  *May  he  live  again,  in  minds  made  better  by  his 

presence;   live 
In    pulses   stirred    to   generosity, 
In  deeds  of  daring  rectitude,  in  scorn 
For  miserable  aims  that  end  with  self; 
.  In  thoughts  sublime  that  pierce  the  night  like  stars. 
And  with  their  mild  persistence  urge  men's   search 
To  vaster  issues.' " 

Very  respectfully, 

J.   P.   Pero, 
V.  E.  Minich, 
Alfred   E.  Howell. 

New  Business. — The  questions  of  increasing  the  membership  and 
the  good  of  the  Association  were  then  discussed,  and  it  was 
decided  that  a  new  committee  should  be  added  to  the  list  of  com- 
mittees to  be  appointed,  to  be  known  as  the  Committee  on  Pro- 
motion  and   Membership. 
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The  President  then  announced  that  the  1919  Exhibit  committee 
should   consist  of  the   following: 

A.  O.  Backert,  Chairman;  W.  A.  Janssen,  H.  R.  Atwater,  A.  E. 
Howell.  S.  T.  Johnston,  G.  S.  Koch  and  V.  E  Minich. 

The  chair  then  announced  that  we  would  proceed  to  consider 
the  invitations  for  the  1919  meeting,  stating  that  a  special  com- 
mittee consisting  of  the  President,  the  Secretary,  and  Messrs. 
Atwater,  Johnston  and  Minich,  had.  visited  Rochester  on  Wed- 
nesday, Feb.  5,  where  they  were  cordially  received  and  entertained 
by  a  delegation  of  foundrymen  and  business  men,  had  inspected 
the  hotels,  exhibition  buildings,  and  available  meeting  places  and 
found  them  acceptable  in  every  way.  That  the  committee  had  met 
in  Philadelphia  on  Thursday,  Feb.  6,  had  met  a  representative  of 
the  Chamber  of  Commerce,  and  the  manager  of  the  Hotel  Men's 
Association,  and  had  been  taken  by  them  to  the  Commercial 
Museum,  were  shown  the  building  that  was  available  for  exhibit 
purposes,  which  was  found  adequate,  and  were  also  assured  that 
the  necessary  arrangements  could  be  made  for  meeting  places. 
The  committee  were  also  furnished  with  a  list  of  Philadelphia 
hotels   and   rates. 

Later,  on  the  same  day,  the  committee  received  a  delegation 
from  Atlantic  City,  consisting  of  Mr.  A.  T.  Bell,  Chairman  of 
the  Hotel  Men's  Association,  and  Mr.  Stine.  Secretary-director  of 
the  Publicity  Bureau.  (Mr.  Hill,  Manager  of  the  Million  Dollar 
Pier)  had  met  some  of  the  committee  earlier  in  the  day.  These 
gentlemen  extended  a  cordial  invitation  to  the  Association  to  meet 
m  Atlantic  City,  and  submitted  a  written  proposition  for  our  con- 
sideration and  acceptance  if  found   satisfactory. 

Following  this  report  considerable  discussion  was  indulged 
m,  during  which  time  it  developed  that  Atlantic  City,  because  of 
its  lack  of  exhibition  facilities  for  an  exhibit  such  as  ours,  could 
not  be  considered. 

The  Directors  waited  until  four  o'clock  for  Director  Wilson 
of  the  Commercial  Museum  to  report  with  a  definite  proposition, 
and  on  his  failing  to  be  there  at  that  time,  it  was  moved  by 
Mr.  Howell  and  seconded  by  Mr.  Pero,  that  a  committee  con- 
sisting of  President  Backert,  Secretary  Hoyt  and  Messrs.  Johns- 
ton, Atwater  and  Minich  be  authorized  to  investigate  further,  and 
empowered  to  decide   on  the  place  and  time   for  the    1919  meeting. 

On   motion   the   meeting  adjourned. 

A.   O.   Backert,  Chairman. 
C.  E.   HoYT,  Secretary. 

Annual  Meeting  of  the  Board  of  Directors  of  the  American 

F0UNDRVMEN*S     ASSOCIATION,      Inc.     THE      PhII.LADELPHIA 

Commercial  Museum,  Philadelphia.  Sept.  28,  1919. 

Pursuant  to  a  call  for  the  annual  meeting  of  the  board  of  direc- 
tors of  the  American  Foundrymeft's  Association,  Inc.,  issued  by  Presi- 
dent A.  O.  Backert,  a  meeting  was  held  at  the  temporary  office  of  the 
secretary  in  the  Commercial  Museum.  Philadelphia,  at  noon,  Monday. 
Sept.  2P.  1919.  There  being  no  quorum  present  the  meeting  was 
adjourned  until  Tuesday  evening,  Sept.  30,  at  the  Union  League  club, 
o{  Philadelphia. 

A.    O     Backert,    President, 
C.  E.  HoYT,  Secretary. 
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Annual  Meeting  of  the  Board  of  Directors  of  the  Amer- 
ican    Foundrymen's    Association,     Inc.,     the 
Union    League    Club,    of    Phila- 
delphia, Sept.  30,  1919. 

The  adjourned  meeting  of  the  board  of  directors  of  the  Amer- 
ican Foundrymcn's  Association,  Inc.,  called  for  noon,  Monday,  Sept. 
29,  was  held  at  the  Uirion  League  club,  of  Philadelphia,  Tuesday 
evening,   Sept.  30,   1919. 

The  following  directors  were  in  attendance:  A.  O.  Backert, 
president;  H.  R.  Atwater,  W.  R.  Bean,  R  A.  Bull,  Henry  A.  Car- 
penter, S.  G.  Flagg,  III.,  Alfred  E.  Howell,  C.  E.  Hoyt,  W.  A. 
Janssen,  S.  T.  Johnston,  C.  S  Koch,  C.  R.  Messinger,  V.  E. 
Minich,   J.   P.    Pero. 

This  meeting  was  also  the  occasion  of  the  annual  alumni  dinner 
lo  which  all  past  presidents  arid  officers  of  the  association,  members 
of  the  advisory  board,  were  invited  and  the  following  met  with 
the    directors: 

John    A.    Penton Secretary,  1896-1899 

Dr.    Richard    Moldenke Secretary,  1900-1914 

S.    G.    Flagg,    Jr President,  1908 

Arthur    T.    Waterfall President,  1910 

B.     D.     Fuller President,  1918 

H.  Cole  Estep Secretary  of   the   Papers   Committee 

Letters  were  received  from  W  A.  Jones,  president,  1901 ;  L.  L. 
Anthes,  president,  1909;  and  H.  D.  Miles,  president,  1913,  expressing 
their  regret  at  not  being  able  to  attend.  AH  present  were  guests  at 
dinner  of  Stanley  G.   Flagg,  Jr.,  and   S.   Griswold   Flagg,   III. 

Following  the  dinner  President  A.  O.  Backert  opened  the  meet- 
ing by  briefly  reviewing  the  work  and  growth  of  the  association  and 
called  attention  to  the  special  features  of  the  program  for  convention 
week.  He  also  called  attention  to  the  correspondence  received  from 
the  American  Society  for  Testing  Materials  on  the  question  of  the 
"Standardization  of  Pattern  Colors,  Core  Prints,  Shrinkage,  Etc." 
No  action  was  taken  but  it  was  understood  that  the  president  would 
continue  to  co-operate  with  the  A.  S.  T  M.  until  a  committee  was 
formed  along  the  lines  suggested  by  the  A.  S.  T.  M. 

A  communication  was  also  read  on  the  subject  of  the  ways  and 
means  committee  bill  known  as  H.  R.  5941,  which  was  a  proposed 
"Tariff  Plumbago  Graphite  and  Silver  Lead."  On  motion  it  was 
ordered   that   the  communication   be   filed. 

The  president  then  called  on  the  secretary  for  an  informal 
report   on  association   matters. 

The  secretary  reported  that  since  July  1,  at  which  time  the  book 
membership  of  the  association  was  1103,  approximately  180  new 
members  had  been  obtained  as  a  result  of  the  activities  of  the  mem- 
bership committee,  and  that  during  the  same  period,  approximately  60 
resignations  had  been  received,  leaving  the  total  book  membership 
something   over    1200,   of   which    total    a   little   over    100   were   associate 

members.  ,   r.. j,        ... 

For  the  department  of  exhibits,  the  secretary  reported  214  exhib- 
itors using  over  60,000  square  feet  of  space;  a  comparison  with  past 
-'^qrs  showed  that  the  1919  exhibit  was  the  largest,   in  point  of  num- 
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bcrs  and  square  feet  of  space  used,  in  the  history  of  the  association. 
Attention  was  also  called  to  the  fact  that  while  there  had  been  no 
increase  in  the  cost  of  space,  the  cost  of  installation  would  be  a  great 
deal  more,  and  that  the  item  of  power  alone  would  exceed  by  several 
thousand    dollars  the   cost   of   power   at   any   previous   exhibit. 

President  Backert,  commenting  on  the  absence  of  J.  S  Seaman, 
the  oldest  living  past  president  of  the  association,  said  that  Mr.  Seaman 
had  hoped  to  attend  the  meeting  but  on  account  of  the  illness  and  death 
of  his  son,  felt  unable  to  do  so.  It  was  moved  by  Mr.  Howell  and 
seconded  by  Mr.  Waterfall  that  a  committee  be  appointed  to  wire  a 
message  of  greetings  and  condolence  to  Daddy  Seaman.  Major  R.  A. 
Bull  and  the  secretary  were  named.    The  message  follows: 

*'The  directors,  honorary  members,  and  officers  of  the  American 
Foundrymen's  association,  in  annual  meeting  assembled,  wish  to  con- 
vey to  you  the  warm  greetings  of  the  association,  whose  members  are 
privileged  to  call  you  Daddy.  We  deeply  deplore  your  absence  and 
mcurn  with  you  in  your  present  sorrow.  This  message,  inspired  by 
enduring  affection,  is  sent  in  the  hope  that  it  may  lighten  your  sadness 
of  heart  and  comfort  you  through  the  sincere  sympathy  of  loving 
friends. 

"Backert, .  Janssen,  Hoyt,  Pero,  Howell.  Fuller,  Waterfall,  Flagg 
Senior,  Flagg  Third.  Swan,  Estep,  Bean,  Johnston,  Atwater,  Minich, 
Koch.  Messinger,  Moldenke,  Penton,  Carpenter,  and  Bull." 

The  president  then  called  on  the  "old  timers"  present  for  remarks, 
and  A.  E.  Howell,  1914,  and  J.  P.  Pero,  1917.  made  interesting  com- 
ments on  the  work  of  the  association  past  present  and  future. 

Dr.  Richard  Moldenke  followed  with  a  very  interesting  talk  making 
comparison  with  tlie  earlier  days  when  the  responsibilities  of  the  asso- 
ciation devolved  very  largely  on  the  shoulders  of  one  individual,  and 
the  present  day.  when  the  association  enjoys  the  benefit  of  a  very  active 
bortrd   of   directors   and    splendid   committees. 

Major  R.  A.  Bull,  whose  duties  with  the  American  Expeditionary 
Forces  in  France  made  it  impossible  for  him  to  attend  the  last  annual 
meeting,  gave  a  very  interesting  talk  on  his  experiences  "over  there," 
and  expressed  his  views  on  social  and  industrial  conditions  in  France  as 
observed   by   him. 

Stanley  G.  Flagg  Jr.,  the  oldest  past  president  present,  like  Dr. 
Moldenke.  compared  the  association  of  the  present  with  the  days  when 
he  was  president  when  the  association  had  a  membership  less  than  half 
its  present  size. 

John  A.  Penton,  the  first  secretary  of  the  association  and  the  one 
who  was  largely  responsible  for  its  organization,  briefly  reviewed  the 
history  of  the  association  from  the  time  of  the  first  meeting  to  date, 
and  prophesied  a  great  future  for  the  organization.  Mr.  Penton  closed 
his  remarks  by  making  an  offer  to  give  an  annual  award  or  trophy 
♦o  be  awarded  to  the  person  who  made  the  most  noteworthy  contribu- 
tion for  the  advancement  of  the  foundry  industry  during  the  year. 
Alfred  E.  Howell  expressed  for  the  officers  and  directors  their  appre- 
ciation of  Mr.  Penton's  offer,  and  moved  a  vote  of  thanks,  and  the 
appointment  of  a  committee  of  five,  by  the  pre*^ident,  to  confer  with 
Mr.  Penton  as  to  the  details  of  his  offer.  The  motion  prevailed  unani- 
mously. 

There  being  no  further  business,  the  meeting  stood  adjourned. 
*  A.    O.    Backkrt.    President 

C.   E.   HovT,   Secretary. 
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Minutes  of  Meeting  of  the  1918  Committee  on  Ex- 
hibits, Bellevue-Stratford  Hotel,  Philadelphia,  Pa.,  Fri- 
day, Feb.  7,  1919. 

The  meeting  was  called  to  order  by  President  Backert  in  the 
chair. 

Present:  A.  O.  Backer,  H.  R.  Atwater,  Henry  A.  Carpenter. 
Alfred  E.  Howell,  S.  T.  Johnston,  V.  E.  Minich.  H.  B.  Swan 
and  C  E.  Hoyt 

Directors  W.  A.  Janssen,  W.  R.  Bean,  H.  E.  Diller,  C.  R. 
Messinger  and  J.  P.  Pero,  were  requested  by  the  President  to 
meet  with  the  committee,  and  did  so. 

The  President  called  for  the  report  of  the  Manager  of  Ex- 
hibits, and  Secretary  Hoyt  read  his  annual  report  as  Manager  of 
the  exhibit  held  in  Milwaukee,  Oct.  7  to  12,  1918.  This  report  is 
appended   hereto. 

Moved  by  Mr.  Howell  and  seconded  by  Mr.  Minich  that  the 
report  be  accepted  and  filed.     Carried, 

Moved  by  Mr.  Howell  and  seconded  by  Mr.  Johnston,  that  a 
committee  of  three  be  appointed  to  audit  the  report  of  the 
Manager  of  Exhibits.  The  chair  appointed  Messrs.  Janssen,  At- 
water and  Messinger. 

The  committee  then  proceeded  to  consider  the  recommenda- 
tions made  by  the  Manager  of  Exhibits. 

It  was  moved  by  Mr.  Howell  and  seconded  by  Mr.  Johnston, 
that  we  recommend  to  the  Board  of  Directors,  that  the  sum  of 
$5000  be  set  aside  as  a  reserve  or  emergency  fund,  out  of  the 
earnings  of  the   1918  exhibit.     Motion   carried  unanimously. 

Moved  by  Mr.  Johnston  and  second  by  Mr.  Atwater,  that  we 
recommend  to  the  Board  of  Directors  that  the  sum  of  $1000  be 
paid  to  the  Technical  Department  of  the  American  Foundrymen's 
Association,  Inc.,  out  of  the  earnings  of  the  1918  Exhibit.  Motion 
prevailed. 

Moved  by  Mr.  Johnston  and  seconded  by  Mr.  Atwater,  that  we 
recommend  to  the  Board  of  Directors  that  the  sum  of  $250  be 
paid  to  the  Metal  Division  of  the  American  Institute  of  Mining 
Engineers,  out  of  the  earnings  of  the  1918  exhibit.  Motion 
prevailed. 

Moved  by  Mr.  Minich  and  seconded  by  Mr.  Atwater  that  we 
recommend  to  the  Board  of  Directors  that  the  exhibit  be  open  one 
night  each  year.     Motion  prevailed. 

Moved  by  Mr.  Swan,  seconded  by  Mr.  Minich,  that  the  meet- 
ing of  the  Exhibit  Committee  stand  adjourned. 

A.  O.  Backert,  Chairman. 
C.  E,  Hoyt,  Secretary. 
22 
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Minutes  op  the  Fntsr  Meeting  of  the  1919  Committee 
ON  Exhibits^  Held  at  the  Hotel  Statler,  Cleveland,  Tues- 
day, May  13,  1919. 

Present — ^Vice  Presidcn-t  W.  A.  Janssen,  Alfred  E.  Howell, 
H.  R.  Atwater,  S.  T.  Johnston,  V.  E.  Minich  and  C.  E.  Hoyt. 

In  the  absence  of  President  A.  O.  Backert,  Chairman  of  the 
Committee,  Vice  President  W.  A.  Janssen  presided. 

The  Secretary  made  a  statement  as  to  the  situation  relative  to 
a  lease  of  Exhibition  Hall  of  the  Commercial  Museum,  and  the 
power  to  be  made  available  by  the  Philadelphia  Electric  Co.  The 
Secretary  reported  that  while  he  had  had  much  correspondence 
with  the  Philadelphia  local  committee,  the  director  of  the  Com- 
mercial Museum,  and  Mr.  Fisher  of  the  Philadelphia  Chamber  of 
Commerce,  a  copy  of  the  lease  which  was  to  be  submitted  to  the 
Philadelphia  Council,  for  approval,  had  not  been  furnished.  It 
was  pretty  generally  understood,  however,  that  the  terms  of  the 
lease   would  be  as   follows: 

The   nominal   charge  of  $1   would   be   made. 

The  Association  would  be  responsible  for  all  expenses,  in- 
cluding insurance,  heat,  light,  janitor  service,  special  watchmen 
and  police,  and  would  make  good  all  damages  of  whatsoever 
character,  done  to  the  building  and  the  premises  during  the  period 
of  occupation. 

That  the  Association  would  have  the  privilege  of  cutting 
through  the  floor  for  foundations  and  pits,  and  doing  whatever 
is   customary   at  the   annual   exhibit. 

That  all  the  electrical  installation  in  the  building,  aside  from 
temporary  connection  of  motors,  is  to  be  of  a  permanent  char- 
acter, approved  by  the  Museum  and  City  authorities,  and  remain 
the   property   of  the  Museum. 

The  Secretary  also  reported  progress  made  in  securing  ex- 
hibits and  stated  that  without  doubt  this  would  be  the  largest 
exhibit  ever  held. 

The  question  of  advertising  was  discussed,  and  the  plan  most 
favored  was  that  of  a  series  of  letters  addressed  to  foundries  and 
individuals  in  the  foundry  field,  setting  forth  the  advantages  and 
importance  of  attending  the  convention  and  exhibit.  In  this  con- 
nection it  was  moved  by  Mr.  S.  T.  Johnston  and  seconded  by 
Mr.  V.  E.  Minich,  that  the  Exhibit  Committee  authorize  the 
appropriation  of  certain  necessary  funds  from  the  Department  of 
Exhibits  account,  to  be  used  to  defray  the  expense  of  the  proposed 
campaign  by  the  Committee  on  Promotion  and  Membership,  same 
to  be  charged  to  advertising. 

The  Secretary  read  the  draft  of  Rules  and  Regulations  govern- 
ing the  Philadelphia  Exhibit,  and  these  were  approved  paragraph 
by  paragraph,  the  only  changes  of  importance  being  to  hold  the 
exhibit  open  on  Tuesday  evening,  Sept.  30,  from  7  to  10  o'clock, 
and  to  close  on  all  other  day^  at  5  p.  m. 

The  Secretary  suggested  that  the  exhibit  be  continued  through 
Saturday,  Oct.  4,  but  this  was  unanimously  disapproved  by  the 
Committee. 

Respectfully  submitted, 

C.  E.  Hoyt,  Secretary. 
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Cinicago,  Feb.  7,   1919. 
To  the  Committee  on  Exhibits,  American  Foundrymen's  Association,  Inc. 

I  am  pleased  to  submit  the  following  as  a  report  covering  the 
third  annual  exhibit  held  under  the  auspices  of  the  American 
Foundrymen's  Association,  Incorporated,  and  the  thirteenth  held 
in  conjunction  with  the  annual  meetings  of  the  Association. 

At  the  meeting  of  the  Board  of  Directors  held  in  Pittsburgh. 
Feb.  16,  1918,  a  special  committee  consisting  of  President  B.  D. 
Fuller,  Vice  President  Stanley  G.  Flagg,  Secretary  A.  O.  Backcrt, 
H.  R.  Atwater,  S.  T.  Johnston,  V.  E.  Minich  and  C.  E.  Hoyt,  were 
appointed  to  select  the  place  for  the  1918  Convention  and  Exhibit. 
This  entire  committee  with  the  exception  of  Mr.  Stanley  G.  Flagg. 
met  in  Milwaukee,  Feb.  25  and  26,  and  after  a  conference  with 
the  local  interests,  and  due  consideration  of  their  proposition, 
selected   that  city  as  the  place   of  the   1918  meeting. 

The  exhibit  was  held  in  the  Auditorium  at  Milwaukee,  Oct. 
7  to  12,  1918.  The  building  was  well  suited  to  our  requirements, 
having  splendid  accommodations  for  the  meetings  of  the  Asso- 
ciation as  well  as  for  the  exhibits. 

Number  of  Exhibits. — A  total  of  198  firms  paid  the  annual 
exhibitor's  permit  fee,  and  194  engaged  space  and  made  exhibits. 
This  number  considerably  exceeded  all  previous  records,  and  was 
a  net  gain  of  42  over  Boston  in  1917.  The  total  space,  however, 
was  1200  square  feet  less  than  was  used  in  Boston,  but  no  doubt 
the  1917  figure  would  have  been  equaled,  if  not  exceeded,  had  we 
had  more  available  space,  as  many  were  obliged  to  use  less  than 
they  would  like   to  have   had. 

Ordnance  Exhibit. — With  the  co-operation  of  the  Ordnance  De- 
partment, who  detailed  Lieut.  A.  B.  Wallace,  Jr.,  of  the  Property 
Division  of  Ordnance,  to  take  charge  of  an  exhibit  of  ordnance 
material,  a  very  creditable  and  interesting  display  was  made.  We 
were  disappointed  in  not  being  able  to  secure  some  3-inch 
and  4.7-inch  guns  complete,  because  of  the  urgent  need  at  that 
time  of  these  pieces  on  the  fighting  front  in  France.  The  total 
cost   of  this   exhibit   to    the   Association   was   $147.61. 

Admission  Charge. — At  the  meeting  of  the  Board  of  Directors, 
Feb.  16,  1918,  a  resolution  was  passed  to  the  effect  that  we 
return  to  the  practice  of  charging  admission  to  all,  irrespective 
of  association  membership.  We  believe  that  this  policy  should 
be  continued. 

The  gross  gate  receipts,  including  exhibitors'  buttons,  were 
$2,602.75,  a  gain  of  $959.75  over  1917.  From  this,  however,  must 
be  deducted  $245.20.  war  tax  on  tickets,  making  the  net  gate 
receipts,    including    521    exhibitors'   buttons.    $2376.55. 

The  auditor's  financial  statement,  which  is  presented  later, 
will  ««how  receiots  ^nd  exnenditnrps.  hut  for  vonr  information  T 
ani  olea^ed  to  suhniit  a  comnarptiv/*  cfpfpiri'»nt  for  th**  vAnrc  1016 
1917  and.  1918.  The  total  «;nar*>  need  in  1916  wa«?  37.9.^0  <;n^»a-« 
^^^t;  cost  per  square  ^oot  was  ^^  ^  ^ep**;'  income  ne**  <!nuare  foot 
5.^.4  cents  plus.  Total  snp'-e  in  1917.  4.^674  icnnare  ^'»'»t*  m^t  ^^-r 
square  foot  62  cents  plus;  income  per  square   foot,  53.4  cents  plus. 

24 


Digitized  by  VjOO^ IC 


Anmial  Report  of  the  Board  of  Directors 


25 


Total  space  in  1918,  42,474  square  feet;  cost  per  square  foot,  56.8 
cents;  income  per  square  foot,  5854  cents;  1918,  I  believe,  was  the 
first  time  in  the  history  of  these  exhibits  where  space  earned  a 
profit.  This  amounted  to  $912.27.  The  average  total  space  for 
three  years  was  41,357  square  feet;  average  cost  per  square  foot, 
57.7  cents;  average  income  per  square   foot,  55  cents  plus. 

From  the  above  it  will  be  seen  that  all  surplus,  with  the 
exception  of  the  small  earnings  on  space  last  year,  has  come  from 
exhibitors'  permit  fees,  gate  receipts,  contributions,  and  bank 
interest. 

To  carry  further  the  comparative  figures,  the  net  earnings  for 
1916  were  $6829.60;  1917,  $6701.37;  1918.  $8376.12;  the  average 
earnings  for  three  years  being  $7302.36.  Out  of  these  earnings  we 
have  paid  during  the  past  three  years,  $2000  to  the  Technical 
Department  of  the  American  Foundrymen's  Association,  $416.50 
to  the  Metals  Division  of  the  American  Institute  of  Mining  Engi- 
neers, formerly  the  American  Institute  of  Metals,  rebated  to  1916 
exhibitors,  $2018.60,  and  paid  into  the  War  Service  Committee 
Fund,  $4529.57,  making  a  total  of  $9964.67. 

We  have  also  prepared  a  statement  of  receipts  and  ex- 
penses covering  three  years,  which  are  appended: 


Income 
1916 


1917 


1918 


Average 


Space  Rental   20228.70  23450.00 

Exhibitors'   Permits    3825.00  3900.00 

Gate     Receipts     2030.25  1643.00 

Bank  Interest   43.98  138.60 

Contributions    1000.00  5000.00 


24765.00 

4950.00 

2376.55 

137.30 


22814.57 

4225.00 

2016.60 

106.63 

2000.00 


27127.93  34131.60  32228.85  31162.80 
Expenses 

Administration     5793.30  6367.40  7732.40  6631.03 

Bldg.    Rent   and    Power— net..     3421.15'  3455.13  3978.02  3618.10 

Booths,    Decorations.    Signs...     2426.62  3515.27  3289.98  3077.29 

Watchmen   and   Janitors   306.54  544.69  722.94  524.39 

Registration     200.45  267.60  556.88  341.64 

Badges    434.26  333.50  612.52  460.09 

Advertising   and    Printing    3684.72  4422.38  3311.37  3806.16 

Postage     485.00  298.68  500.00  427.89 

Gen.  Exp.  Labor  and  Material.       321^4  192.41  563.38  359.11 

Insurance     32.65  40.55  33.50  35.57 

Secretary-Treasurer's     Asst....         60.00  245.00  600.00  302.00 

Telephone  and  Telegraph    ....       162.70  81.28  151.54  131.84 

Committee    Traveling    Exp....     1248.68  1340.89  740.38  1109.98 

Manager's    and    Assts.'    Travel      720.72  1010.45  910.03  880.40 

Exchange     2.18  .73 

Special   Expense    313.00  147.61  153.54 


19298.33    2242S.23    23SS2.73    21859.76 


Reserve  for  Contingencies. — While  we  have  been  fortunate  in 
showing  an  average  earning  of  something  over  $7000  for  the  past 
three   years,   I    desire    to   call    your   attention    to    the    importance    of 
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having   a   contingency    or    emergency    fund    to    protect   association 
members   against   any  unexpected   loss. 

We  have  had,  during  this  brief  period  of  three  years,  two  very 
close  calls.  Th^  threatened  railroad  strike  in  1916  was  scheduled 
to  come  off  just  one  week  ahead  o\  our  opening  day  at  Cleveland. 
Last  year  at  Milwaukee  the  influenza  epidemic  closed  everything 
in  that  city  except  the  Auditorium,  on  Thursday  of  the  week  we 
were  there,  and  on  Saturday  night  following  the  day  that  we 
closed,  the  Auditorium  was  converted  into  an  influenza  hospitaL 

Our  contracts  protect  us  against  certain  emergencies.  How- 
ever, should  we  be  unable  to  deliver  the  space,  we  would  be 
in  a  very  serious  situation  if  we  did  not  have  a  sufficient  reserve 
fund  to  tide  us  over  such  an  emergency.  Unlike  most  going 
concerns,  we  demand  payment  in  advance  of  delivery  of  goods,  and 
a  considerable  part  of  this  money  is  spent  in  promoting  the  show 
previous   to   the   delivery   of   the   goods. 

I  would  suggest  that  this  committee  recommend  to  the  Board 
of  Directors,  that  a  certain  sum,  to  be  decided  upon  later,  be  set 
aside  out  of  our  surplus,  as  a  reserve  for  contingencies,  and  that 
we  annually  add  to  this  fund  as  we  are  able,  until  it  has  reached 
an  amount  equal  to  our  average  yearly  expenses. 

Opening  Exhibits  Evenings. — Our  rules  and  regulations  usually 
state  that  the  exhibits  may  be  open  one  or  more  evenings  at  the 
discretion  of  the  committee  on  exhibits,  but  the  hours  usually 
announced  are  for  day  exhibits  only.  On  several  occasions  there 
have  been  very  pressing  demands  on  the  part  of  the  local  people 
and  some  exhibitors,  that  the  exhibits  be  kept  open  evenings,  and 
at  Milwaukee  we  were  waited  on  by  a  committee  who  were  so  in- 
sistent that  it  was  finally  decided  to  hold  the  exhibit  open  on 
Tuesday  evening,  on  condition  that  newspaper  publicity  was  not 
given,  and  that  they  would  assume  the  responsibility  of  notifying 
the  trade.  We  were  all  doubtful  about  results,  but  believe  it  was 
more  successful  than  any  of  the  committee  expected  it  would  be. 
To  avoid  change  in  program  whiqh  results  in  misunderstanding 
and  complaints,  I  would  recommend  for  your  consideration,  that 
we  adopt  the  policy  of  being  open  one  night  each  year,  and  have 
it  generally  understood.  Tuesday  evening  would  probably  be  the 
most  acceptable   one  of  the  week. 

The  books  of  the  Department  of  Exhibits  were  audited  as  of 
date  of  Dec.  15,  by  A.  E.  White  &  Co..  Public  Accountants,  and  the 
details  are  presented  in  the  report  of  the  Secretary-Treasurer  for 
1918-19. 

Respectfully  submitted, 
C.  E.  HoYT,  Manager,  Department  of  Exhibits. 
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Annual  Report  of  the  Secretary- 
Treasurer 

To  the  President  and  Members  of  the  American  Foundrymen's 
Association,  Inc.: 

We  submit  herewith  the  secretary-treasurer's  annual 
report  for  the  year  ending  June  30,  1919.  The  conditions 
affecting  membership  for  the  previous  year,  due  to  the  war, 
continued  through  a  large  part  of  the  past  year,  and 
numerous  changes  in  the  personnel  of  the  membership  have 
resulted.  In  nearly  all  cases,  however,  the  firm  membership 
has  been  continued  and  a  net  gain  in  membership  is  shown. 

Complete  data  covering  the  membership  of  our  organiza- 
tion follows: 

Active  members,  good  standing 927 

Active  members,  delinquent   37 

Active  members  carried  on  books 964 

Associate  members,  good  standing  110 

Associate   members,  delinquent    12 

Associate   members   carried   on    books 122 

Honorary    members    17 

Total  book  membership    1103 

Total  membership  paid  to  June  30,    1919 1054 

Resignations  of  active  members  during  year 7 

Deaths   of   honorary   members    1 

Deaths    of   active   members    6 

Active  members  dropped  for  nonpayment  of  dues 20 

Resignations  of  associate  members  during  year 2 

Deaths  of  associate  members 3 

Associate  members  dropped  for  nonpayment  of  dues 7 

New  members  received  during  the  year  1918-19,  131,  of  which  122 
were  active,  and  9  associate. 

Accompanying  this  report  is  a  chart  showing  the  mem- 
bership of  the  American  Foundrymen's  Association,  Inc., 
each  year  since  the  date  of  its  organization  in  1896. 

Change  of  Office 

Although  the  secretary-treasurer  was  elected  at  the  an- 
nual meeting  in  Milwaukee,  Oct.  9,  1918,  he  did  not  assume 
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the  active  duties  of  the  office  until  the  meeting  of  the  board 
of  directors  in  Philadelphia,  Feb.  7,  1919. 

Following  this  meeting,  the  office  of  the  association  was 
moved  from  Cleveland  to  111  W.  Monroe  street,  Chicago. 
Former  Secretary  A.  O.  Backert  acted  as  secretary  in  the 
interim  during  which  time  the  papers  and  discussions  pre- 
sented^ at  the  Milwaukee  convention  were  edited  and  the 
bound  volume  of  transactions  published. 

Finances 
The  expense  of  moving  the  office  from  Cleveland  to 
Chicago,  the  necessary  furniture  and  equipment,  office  rent 
and  additional  clerical  help  added  considerably  to  the  ex- 
pense for  the  year.  Receipts  exceeded  expenditures  by 
$36.05,  compared  with  $93.80  for  the  year  ending  June  30, 
1918.  The  total  receipts  from  all  sources  amounted  to 
$16,227.19.  The  total  disbursements  $16,187.92.  Total  re- 
ceipts from  dues  and  subscriptions  amounted  to  $11,406.79. 
The  sum  of  $1,000.00  was  transferred  to  the  technical  de- 
partment from  the  earnings  of  the  department  of  exhibits 
for  the  year  1918.  The  sum  of  $250.00  was  paid  to  the 
Institute  of  Metals  Division  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers  from  the  earnings  of 
the  department  of  exhibits.  The  largest  item  of  expense  was 
for  printing  and  stationery  which  amounted  to  $5349.76,  an 
increase  over  the  previous  year  of  $715.96.  The  amount 
derived  from  the  cost  keeping  account  for  the  year  was 
$816.12,  and  although  the  association  was  put  to  the  expense 
of  furnishing  each  subscriber  to  the  cost  system  with  a 
revised  copy  of  the  system,  a  profit  to  the  Association 
from  the  cost  account  resulted. 

Research  Fund 
The  association's  research  fund  created  in  1916  by  a 
contribution  from  the  Cleveland  local  convention  committee 
now  amounts,  with  interest,  to  $372.13.  It  is  earnestly 
hoped  a  substantial  addition  will  be  made  to  this  fund, 
making  it  sufficient  to  enable  the  association,  through  some 
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of  its  committee  activities   to  carry   on   a   work   for   which 
this  fund  was  intended. 

Appended  hereto  are  the  financial  statements  of  Ernst 
&  Ernst,  certified  accountants,  who  audited  the  books  for 
the  technical  department,  and  of  White  &  Co.  who  audited 
the  books  for  the  department  of  exhibits. 

For  the  aid  and  support  given  him  through  the  year 
by  President  A.  O.  Backert,  the  board  of  directors,  and  his 
assistants,  your  secretary-treasurer  extends  his  warm  appre- 
ciation and  sincere  thanks. 

Respectfully  submitted, 

C.  E.  HoYT,  Secretary 'Treasurer. 


Auditor's    Financial    Report   of    Technical    Department 

Chicago,  Aug.  12,  1919. 
Mr.  A.  O.  Backert.  President, 

The  American  Foundrymen's  Association,   Inc., 
Cleveland,  Ohio. 
Dear  Sir: 

As  requested  we  have  audited  the  cash  receipts  and  disbursements 
of  the  American  Foundrymen's  Association,  Inc.,  Chicago,  for  the  year 
ended  June  30,  1919,  and  submit  herewith  our  report. 

Following  is  a  condensed  statement  of  the  cash  transactions  for  the 
period  under  review: 

CASH  BALANCE,  June  30,  1918— 

As  shown  by  our  previous   report $     688.65 

Transactions  for  the  Year 
RECEIPTS— 

As   per   attached   schedule \6223.97 

16.912.62 
DISBURSEMENTS— 

As   per   atuched   schedule 16,187.92 

CASH    BALANCE   June   30,    1919 $     724.70 

We  compared  all  checks  returned  by  the  bank  with  the  original 
cash  book  entries  and  traced  all  recorded  receipts  to  the  bank  state- 
ments and  reconciled  the  balance  shown  on  the  book  with  the  figures 
contained  in  signed  statements  received  directly  from  the  depositaries. 

We  submit  herewith  a  reconciliation  of  the  bank  balance  and  direct 
attention  to  an  item  of  $10.00  representing  a  deposit  shown  by  the  April 
bank  statement  which  amount  is  not  reflected  in  the  books.  Due  to  the 
fact  that  the  receipts  consisted  of  a  large  number  of  $10.00  items  and 
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the  absence  of  duplicate  deposit  tickets  we  were  unable  to  locate  the 
"$10.00  item  in  question. 

We  traced  all  cash  received  in  payment  of  dues,  etc.>  directly  to  the 
credit  of  the  members'  accounts  and  with  the  exception  of  the  follow- 
ing, no  errors  were  noted. 

On  July  8,  1918,  an  item  of  $10.00  under  name  of  Niles  Anderson, 
appeared  on  the  books  and  had  been  deposited,  but  we  were  unable  to 
locate  the  individual  card  to  which  this  amount  should  have  been 
posted. 

We  noticed  the  following  amounts  had  been  credited  on  the  in- 
dividual cards,  but  not  entered  in  the  cash  receipts  book:  July  17, 
1918,  W.  A.  Coventry  $10.00;  September  5,  1918,  W.  W.  Wallace  $10.00; 
October  7,  1918,  H.  G.  Walton  $10.00. 

We  noted  that  during  the  year  under  review,  duplicate  payments 
of  dues  in  the  amount  of  $30.00  had  been  received  by  the  association, 
but  we  were  advised  that  this  amount  would  be  refunded  to  the 
members  having  made  the  payments,  at  a  date  subsequent  to  June 
30.  1919. 

From  a  letter  on  file  we  learned  that  a  check  was  given  in  pay- 
ment of  the  H.  G.  Walton  account  at  the  convention,  Oct.  7,  1918, 
and  cleared  through  the  Central  National  Bank,  Cleveland,  Ohio,  October 
24,  1918. 

We  verified  the  footings  of  all  receipts  and  disbursements  for  the 
period  under  examination.  All  disbursements  were  supported  by  original 
invoices  and  properly  signed  vouchers.  A  schedule  is  attached  showing 
the  amount  of  membership  dues  unpaid  at  June  30,  1919.  We  verified 
these  amounts  by  trial  balance,  but  did  not  correspond  with  the 
members  to  further  verify  the  records. 

We  present  below  a  trial  balance  of  the  General  Ledger  after 
the  close  of  books  at  June  30,  1919: 

Harris    Trust    &    Savings    Bank $  352.57 

Superior  Trust  &  Savings   Bank 372.13 

Emblem    Account     40.50 

Furniture  and  Fixtures   415.50 

Printing  and  Stationery  401.87 

Surplus     $1,582.57 

$1,582.57       $1,582.57 
Very  truly  yours, 

(Signed)   Ernst  &  Ernst, 
(skak)  (>Ttified    Public    Accountarts. 


Digitized  by  VjOOQ IC 


32  American  Foundrymen's  Association 

Cash  Receipts  and  Disbursements 

The  American  Foundrymen's  Association,  Inc.,  Chicago 

One  year  ended  June  30,  1919. 

CASH    BALANCE    June    30,    1918,    as    shown    by 
our    previous    repoVt $688.65 

TRANSACTIONS  FOR  THE  YEAR 

Receipts 

Dues   and   Subscriptions    $1 1,406.79 

A.   F.  A.   Share   1918   Exhibition    1,000.00 

Sale  of  Furniture  and  Fixtures 42.50 

Cost    Work    Account     M6.12 

Exhibition     Committee     Account 6d3.30 

Convention    2,304.50 

Interest     20.54 

Discount     .22 

Total    Receipts    $16,223.97 


Disbursements 

Printing    and    Stationery    $  5,349.76 

Extra   Help    130.00 

Rent     150.00 

Auditing    115.00 

Packing    Material    for    Shipment 76.30 

Special   Printing   49.10 

Office   Expense    264.01 

Traveling   Expense    425.35 

Convention    Expense    3,236.25 

Administrative    Salary    2,175.00 

Office    Salaries    1,517.35 

Postage    76225 

Committee  Meeting  Expense   1.651.71 

Refunds   of    Dues    10.00 

Dues   in   other   Associations    15  00 

Addressograph    and    Cabinet 208.0C 

Cost  Work   Committee    44.04 

Exchange     8.21 

Discount    .59 

Total    Disbursements    $16,187.92 


RECEIPTS   EXCEED  DISBURSEMENTS 36.05 

CASH  ON  DEPOSIT  JUNE  30,   1919 $^70 
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Auditor's  Report  of  the  Exhibition  Department 

Chicago,  Jan.  23,   1919. 
President  and   Directors, 

American   Foundrymen's   Association,   Incorporated, 
Cleveland,  Ohio. 

Gentlemen : — 

We  have  examined  the  books  of  the  Department  of  Exhibits  of 
the  American  Foundrymen's  Association,  Incorporated,  for  the 
period  from  Dec.  24,  1917,  to  Dec.  15,  1918,  and  submit  herewith 
the  following  reports  which  we  have  prepared: 

Balance  Sheet  at  Dec.  15,  1918. 

Profit   and    Loss    Statement   for   the   period    from    Dec. 
24.  1917  to  Dec.  15,  1918. 

Agreement  of  Surplus — Income  Account. 

We  also  include  a  separate  schedule  of  the  detail  of  accounts 
receivable. 

Our  examination  of  the  above  records  included  a  check  up  of 
all  sources  of  income  including  space  rentals,  permits,  gate  receipts, 
etc 

All  cash  records  including  manager's  petty  cash  account  with 
the  Second  Ward  Savings  Bank,  Milwaukee,  and  the  general  fund 
account  with  the  Superior  Savings  &  Trust  Co..  Cleveland,  Ohio, 
were  found  to  agree  with  statements  submitted  from  these  institu- 
tions for  the  period  covered. 

Included  in  the  item  of  Booth  Expense  on  the  Profit  and  Loss 
Statement  is  material  for  booths  amounting  to  $500.00  and  skids  and 
jacks  $50.00  which  are  on  hand  and  can  be  used  at  future  exhibits. 

We  would  suggest  that  the  manager's  Petty  Cash  Fund  be 
made  sufficiently  large  to  avoid  using  gate  and  other  receipts  to 
meet  daily  expenses  at  the  exhibitions.  Two  bank  accounts  should 
be  used,  one  for  Gate  Receipts  and  one  for  manager's   Petty  Cash. 

It  would  of  course,  be  possible  to  transfer  (by  check)  amounts 
from  the  Gates  Receipts  Account  to  the  Manager's  Petty  Cash  Fund 
if  the  need  arose.  In  this  way  the  identity  of  the  two  funds  would 
be  kept   distinct,   a   very  desirable   thing   in   our   opinion. 

There  should  also  be  a  clear  division  between  Profit  and  Loss 
and  Surplus.  Surplus  is  the  combined  earnings  of  previous  years. 
Profit  and  loss  is  the  profit  or  loss  of  the  present  year.  Donations 
from  previous  earnings  and  any  other  charges  against  previous 
\ears    should    be    charged    against    surplus. 

The  Profit  &  Loss  account  for  the  current  year  should  not  be 
opened  until  the  time  when  the  books  are  closed.  Any  charges  or 
income  during  the  year  should  be  charged  or  credited  to  specific 
expense  or  income  accounts,  not  to  Profit  &  Loss. 

In  view  of  the  possibility  of  serious  loss  due  to  postponement 
or  cancellation  of  any  exhibit,  it  would  seem  desirable  to  create 
from  the  Surplus  Account  a  special  fund  that  might  be  called  a 
Reserve  for  Contingencies.  This  fund  should  be  kept  intact  and 
used  only  in  case  of  unexpected  loss.  By  investing  this  fund  in 
high  grade  securities  its  permanent  nature  would  be  better  assured, 
to  say  nothing  of  the  greater  interest  yield. 
Your  very   truly, 

A.  E.  White  &  Co. 
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American    Foundrymen's   Association,    Incorporated 

Balance  Sheet — Department  of  Exhibits 

Dec.  15,  1918. 

ASSETS- 

Cash  in  Bank   $12,471.56 

Accounts    Receivable    33.00 

Furniture   and    Fixtures 223.50 

$12,728.06 

LIABILITIES— 

Surplus — Income     $12,728.06 
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Department  of  Exhibits 

American    Foundrymen's  Association,    Incorporated 

Profit  and  Loss  Statement 

Year  1918  (Ending  Dec.  15,  1918) 

INCOME- 
REVENUE    FROM    EXHIBITION    AT    MILWAUKEE 

Gate  Receipts    $2,376.55 

Space    Rent    24,950.00 

Exhibitor's    Permits    5,000.00  32,326.55 

Interest  on  Deposits  in  Bank  137 JO 

Total   Revenue    32,463.85 

EXPENSES— 

Advertising     3,047.90 

Power    2,277.51 

Booth  Work    2,939.78 

Signs     350.20 

Registration    556.88 

Watchman  and  Doorman   ..  248.50 

Insurance     33.50 

Badges     612.52 

Building   Rental    1,500.00 

Janitor    Service    474.44 

Qeaning    and    Repairing 200.51 

Installation,  Labor  and  Ma- 
terial      337.85 

Ordnance   Exhibit   Expense.  147.61 

Space   Rent    185.00 

Exhibitors*  Permits   50.00 

Manager's    Salary    5,900.00 

Printing   and    Stationery 563.47 

Postage    (Exclusive   of    Ad- 
vertising   Postage)     200.00 

Committee's    Traveling    Ex- 
penses      ,...  740.38 

Salary,  Secretary-Treasurer's 

Assistant    600.00 

General    Expenses    225.53 

Telephone    and    Telegraph..  1.51.54 
Manager's     and     Assistant's 

Expenses    910.03 

Stenographers'    and     Assist- 
ants'   Salaries    1,755.45 

Office   Supplies    76.95 

Exchange     2.18         24.087.73 

1918  Operating  Profit  $  8,376.12 
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Address  of  Welcome 

By  Thomas  Devlin,  Philadelphia 

In  the  name  of  and  on  behalf  of  the  Philadelphia  Foundry- 
men's  association,  I  tender  to  your  associastion  a  most  sincere, 
cordial  and  brotherly  welcome  to  Philadelphia,  the  city  of  homes 
and  brotherly  love,  and  the  city  from  which  your  youthful  start 
was  made  28  years  ago.  I  am  delighted  to  be  the  spokesman 
in  extending  the  greeting  to  you,  but  regret  that  I  have  not  the 
ability  to  greet  you  in  a  satisfactory  manner. 

I  tried  to  guess  why  I  was  selected,  especially  as  the 
membership  contains  many  able  men, — men  who  are  competent 
to  greet  and  welcome  you  in  language  that  would  have 
charmed  you.  Then,  why  was  I  unanimously  selected?  Per- 
haps it  was  in  consequence  of  my  being  over  65  years  in  the 
foundry  business  or  perhaps  it  was  to  show  the  young  men 
that  65  years  of  hard  work  do  not  necessarily  shorten  one's 
life.  If  the  latter  was  the  object,  I  wish  to  confirm  that  thought 
by  stating  that  I  am  still  on  the  job  from  S:30  a.  m.  un;il 
about  3  or  4  p.  m.  and  eat  but  two  meals  a  day. 

Early  Salary  Was  $1.50  Per  Week 
Still  another  thought ;  could  it  be  possible  that  the  unani- 
mous voters  hoped  that  I  would  explain  the  conditions  existing 
in  those  days  of  long  ago  and  do  it  in  the  form  of  a  word 
l)icture,  somewhat  the  equivalent  of  a  moving  picture  show, 
depicting  the  privations,  hardships,  labors,  the  ups  and  downs, 
and  disappointments  that  came  into  my  life  from  that  fourth  of 
August.  1854,  when  I  entered  the  office  of  Thomas  R.  Wood 
&  Co.,  Nintli  and  Jefferson  stree^ts,  Philadelphia,  at  the  munifi- 
cent salary  of  $1.50  per  week,  which  was  paid  me  every 
Monday  for  the  previous  week's  labor?  Monday  was  selected 
by  the  company  so  that  I  might  not  waste  my  salary  foolishly 
on  Saturday  or  Sunday. 

I  had  much  to  contend  with,  l^ut  had  good  health,  a 
clicerful  and  hopeful  dis|X)siti()n,  and  was  not  afraid  of  work. 
I  look  pride  in  doing  well  what  was  given  me  to  do.     Progress 
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was  slow,  but  I  kept  on.  Perplexing  difficulties  were  in  evidence 
all  along  the  line  as  they  are  today,  but  of  a  different  char- 
acter.    Debits  there  were  and  these  were  duly  recorded. 

But  then,  as  now,  there  was  also  a  credit  side.  Good,  honest, 
faithful  service  will  be  rewarded.  Payments  sometimes  are  slow, 
and  we  may  think  them  long  overdue;  but,  young  men,  do  not 
be  discouraged;  do  your  best.  Circumstances  and  conditions 
often  change  when  least  expected  and  the  priceless  friendships 
that  you  make  are  a  very  great  source  of  pleasure  and  satis- 
faction, and  for  me  are  equal  to  cash  reserve  in  bank.  Young 
men,  from  my  observaltion  and  experience,  the  chances  are 
better  today  than  they  ever  have  been  during  my  65  years' 
experience,  because  there  are  so  few  who  are  willing  to  serve 
the  necessary  probation  or  apprenticeship  and  give  the  best 
that  is  in  them  in  order  to  reach  the  goal  for  which  they  strive. 

Organise  Philadelphia  Foundry  men's  Association 

I  had  intended  to  confine  my  desultory  remarks  largely  to 
the  history  of  the  foundry  association,  but  you  all  know  an 
Irishman  is  privileged  to  say  what  he  wants  to  say  and  explain 
his  meaning  afterwards.  The  Philadelphia  Foundrymen's  as- 
sociation was  organized  about  1888  with  Henry  T.  Asbury  as 
president  and  Stanley  G.  Flagg  Jr.,  as  secretary.  There  seems 
to  have  been  a  break  in  the  meetings,  but  the  organization  was 
given  a  fresh  start  in  January,  1891,  when  it  was  entrust- 
ed to  new  men.  Howard  Evans,  a  man  who  doesn't  know 
such  a  word  as  failure,  was  elected  secretary;  Francis  Schu- 
mann, a  bright  and  big  man  in  every  sense  of  the  word, 
was  elected  president;  and  Josiah  Thompson  was  elected  treas- 
urer. If  the  North  Penn  bank  had  had  him  for  treasurer,  the 
poor  widows  and  orphans  would  not  now  be  mourning  the  loss 
of  their  all. 

The  Philadelphia  Foundrynien's  association  had  men  who 
did  tlniigs.  They  had  no  time  for  slackers.  Among  the  mem- 
l)ership  were  such  men  as  Abram  C.  Mott,  W.  H.  Pfahler  and 
Thomas  I.  Rankin,  of  the  Abram  Cox  Stove  Co.;  Antonio  C. 
Pessano,    of   George   V.    Cresson   &   Co. ;   Thomas   Glover,   of 


Digitized  by  VjOO^ IC 


38  American  Foundrymen's  Association 

Morris  &  Tasker  Co.;  Stanley  G.  Flagg  Jr.,  of  Stanley  G. 
Flagg  &  Co.;  P.  D.  Wanner,  of  Milleit  Foundry  &  Machine 
Co. ;  Walter  Wood,  of  Camden  Iron  Works ;  James  S.  Stirling, 
of  Harlan  &  HoUingsworth  Co.;  A.  E.  Outerbridge  Jr.,  of 
William  Sellers  &  Co. ;  A.  A.  Miller,  of  The  Iron  Age;  and  others. 

I  have  no  doubt  some  of  the  names  I  have  mentioned  are 
well  known  to  many  of  your  membership;  consequently  you 
will  not  wonder  that  they  were  successful  as  business  men 
anxious  for  new  worlds  to  conquer.  One  of  the  questions 
taken  up  by  thiem  was  that  of  calling  the  foundrymen  of 
the  United  States  and  Canada  to  meet  here.  That  question 
was  discussed  many  times  and  finally  decided  upon.  Howard 
Evans,  the  secretary,  undertook  Ithe  task  of  finding  the  names 
and  addresses  and  sent  out  invitations  dated  June  28, 1891.  There 
were  responses  and  representatives  assembled  here  in  July,  1891, 
from  every  state  with  one  or  two  exceptions.  The  first  meet- 
ing was  held  in  the  Manufacturers'  club,  July  21,  1891.  The 
convention  was  a  complete  success  for  on  or  about  July  29, 
1891,  the  American  Foundrymen's  association  was  delivered 
by  that  convention  to  Mr.  Schumann  and  Mr.  Evans,  who  in 
turn  transferred  it  in  swaddling  clothes  on  that  hot  summer's 
day  28  years  ago  to  the  tender  care  of  John  A.  Penton. 

This  is  a  brief  narrative  of  the  triumvirate  which  had 
most  to  do  in  conquering  a  world  of  difficulties  and  securing 
a  very  important  and  exalted  place  in  the  business  world  for 
the  foundry  trade.  I  believe  Evans,  Schumann  and  Penton 
should  be  honored  as  immortals  for  what  they  did  through 
the  instrumentality  of  their  foundling  in  bettering  (Conditions 
and  promoting  scientific  management  of  the  foundry. 

Association  Renders  Great  Service  to  Industry 

If  I  closed  without  properly  acknowledging  the  great 
service  your  association  has  rendered  to  the  foundry  interests 
of  this  country,  I  would  have  failed  in  an  important  duty. 
Consequently  I  bestow  well  earned  praise  and  congratulations 
on  the  successive  managements  which  followed  Mr.  Penton 
and  thus  relieved  him  of  his  charge  because  he  was  too  busy 
a  man  to  give  it  the  care  it  needed. 
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Fortunately  there  was  no  mistake  made  by  the  transfer 
and  I  am  compelled  to  admit  that  the  Philadelphia  Foundry- 
men's  association  has  no  monopoly  of  the  great  men  in  the 
foundry  business.  The  American  Foundrymen's  association 
in  securing  the  services  of  Dr.  Moldenke  was  very  fortunate 
in  more  ways  than  one.  His  fine  personality,  sweet  and 
pleasant  manners  attracted  able  and  efficient  aids  to  bring  the 
youngster  through  the  mumps  and  teething  season  and  when 
its  faculties  were  developed,  so  as  to  be  in  a  receptive  mood, 
he  furnished  it  regularly  with  pure  and  unadulterated  scientific 
knowledge  drawn  from  the  fountain  head,  where  he  kept  it 
stored  up  for  instant  distribution. 

That  is  the  record  up  to  Mr.  Backert's  time.  Nothing 
remains  to  be  done  but  to  keep  steadily  on  with  the  work  thus 
set  in  motion.  I  am  not  familiar  with  the  men  who  as  directors 
gave  efficient  aid  in  accomplishing  results  nor  the  membership 
which  supported  you,  besides  I  don't  want  to  enlarge  too  much 
for  fear  of  haying  our  members  desert  us  in  a  body  and  join 
your  association,  leaving  me  president  of  an  organization  that 
did  exist. 

The  great  and  unparalleled  success  of  your  association  and 
its  achievements  are  proof  that  no  matter  how  it  was  started, 
the  men  who  have  had  the  direction  of  its  aflFairs  have  accom- 
fdished  remarkable  results.  They  have  done  good  work  and 
have  elevated  their  trust  far  beyond  anything  that  the  sponsors 
considered  as  possible  of  being  accomplished.  We  of  Phila- 
delphia feel  justly  proud  of  our  offspring  and  cong^tulate  you 
for  your  very  intelligent  management  and  for  the  grand  suc- 
cess you  have  achieved. 

In  conclusion  I  greet  and  welcome  you  to  Philadelphia.  I 
welcome  you  as  an  American  citizen,  as  a  citizen  of  Pennsyl- 
vania and  as  an  adopted  citizen  of  Philadelphia,  the  dearest 
spot  on  earth  to  me.  I  extend  a  Cead  Mille  Failthe — ^''One  hun- 
dred thousand  welcomes!" — to  the  American  Foundrymen's 
association  and  hope  that  your  stay  may  be  pleasant  and  that 
you  will  come  again  and  that  I  will  get  the  unanimous  vote  to 
welcome  you,  providing  your  return  is  not  delayed  more  than 
10  or   15  years  from  1919. 
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The  Crisis 

By  Hon.  James  M.  Beck 

I  want  to  speak  to  you  tonight  very  earnestly  and  very 
simply  about  that  which  I  have  called  "The  Crisis."  To  my 
mind  the  world  was  never  in  quite  as  grave  danger  as  it  is 
today,  and  it  is  a  danger  that  does  not  come  from  without, 
but  from  within.  There  is  a  chapter  of  American  history 
of  which  most  of  us  are  very  ignorant.  We  know  the  epoch 
from  Bunker  Hill  to  Yorktown,  it  is  schoolboy's  talk  in  Amer- 
ica, and  we  naturally  take  pride  in  the  embattled  farmers'  brave 
struggle  against  tremendous  odds,  but  that  which  followed 
Yorktown  is  very  much  like  the  old-fashioned  Victorian  novel 
which  always  concluded  with  the  marriage  of  the  happy  pair 
and  never  said  anything  about  what  took  place  after  marriage. 

IVhat  Came  After 

After  Yorktown  cai.^o  seven  or  eight  years  of  tremendous 
stress  out  of  which  grew  that  most  wonderful  piece  of  machin- 
ery in  all  the  world — the  constitution  of  the  United  States. 
Bolshevism  and  anarchy  swept  this  government  after  Yorktown 
until  even  the  brave  heart  of  George  Washington — a  heart  that 
never  failed  him  in  strength  even  in  the  darkest  days  of  Valley 
Forge — fell  into  the  deepest  depression  by  the  extraordinary 
happenings  that  were  going  on  in  the  newly  emancipated  col- 
onies. There  was  a  perfect  wave  of  lawlessness.  Class  was 
arrayed  against  class,  colony  against  colony,  interest  against 
interest.  It  was,  as  at  this  time,  the  end  of  a  world  war.  As 
Washington  said,  the  whole  world  was  in  an  ujiroar.  As  he 
said  again,  "The  problem  is  to  steer  between  Syclla  and  Charyb- 
dis."  The  situation  became  so  acute  that  finally  civil  war 
broke  out,  chiefly  in  Massachusetts,  with  what  was  called 
Shay's  rebellion,  when,  as  we  would  say  today,  Bolshevists 
seized  the  executive  departments  of  the  government,  took  the 
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court  houses,  drove  out  the  constituted  authorities,  confiscated 
debts,  seized  the  little  factories,  if  factories  there  were  and 
in  that  way  attempted  to  bring  about  the  very  state  of  affairs 
that  exist  now  in  Russia.  I  want  to  read  to  you,  as  illustrating 
the  intense  anxiety  of  even  so  brave  a  man  as  Washington, 
two  things  that  he  said  at  that  time. 

IVashington^s  Alarm 

"I  often  think  of  our  situation,"  he  wrote,  *'and  view  it 
with  concern.  From  the  high  ground  we  stood  upon,  from 
the  plain  pathway  which  invited  our  footsteps,  to  be  so  fallen, 
so  lost,  is  mortifying :  but  everything  of  virtue  has,  in  a  degree, 
taken  its  departure   from  our  land." 

And  when  he  heard  of  Shay's  rebellion  in  Massachusetts, 
which  required  an  army  of  5000  men,  then  a  relatively  large 
force,  to  put  down,  this  cry  of  anguish  came  from  the  Father 
of  his  country  in  far-oflf  Mt.  Vernon: 

"What,  Gracious  God,  is  man,  that  there  should  be  such 
inconsistency  and  perfidiousness  in  his  conduct?  It  was  but  the 
other  day  that  we  were  shedding  our  blood  to  obtain  the  consti- 
tutions under  which  we  now  live,  and  now  we  are  unsheathing 
our  swords  to  overturn  them.  The  thing  is  so  unaccountable 
that  I  hardly  know  how  to  realize  it  or  to  persuade  myself  that 
I  am  not  under  the  illusion  of  a  dream." 

The  confusion  became  so  great  that  barbers  plastered  their 
walls  with  the  worthless  currency  of  the  nation.  Our  govern- 
ment bonds  were  worth  about  25  cents  on  the  dollar.  Foreign 
nations  refused  to  recognize  the  new  republic,  and  finally  in  that 
hour  of  acute  despair,  all  turned  to  Washington.  Washington, 
leaving  again  the  sweet  retirement  of  Mt.  Vernon,  came  to  the 
historic  city  of  Philadelphia  and  rallied  a  few  faithful  spirits 
about  him.  The  constitutional  convention  began  its  delibera- 
tions. But  out  of  seventy-three  men  appointed  to  the  constitu- 
tional convention,  only  fifty-five  ever  took  the  pains  to  attend, 
and  of  those  fifty-five,  only  thirty-nine  remained  until  the  last 
session,  and  of  those  thirty-nine,  sixteen  refused  to  sign  the 
document  that  was  to  confer*  immortality  upon  them  all.     In 
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referring  to  the  task  which  confronted  the  few  faithful  dele- 
gates, Washington  said: 

"It  may  be  that  no  plan  that  we  can  propose  will  be 
adopted.  Perhaps  another  dreadful  contest  is  before  us.  If, 
to  please  the  people,  we  do  that  which  we  cannot  approve, 
how  can  we  afterwards  commend  our  work  to  them?  Let  us 
raise  a  standard  to  which  the  wise  and  just  can  repair;  the 
event  is  in  the  hand  of  God." 

And  for  four  months,  with  that  inspiration  of  appealing 
to  the  best  in  men,  they  met  in  Independence  Hall  and  at  the 
end  of  four  months,  after  a  bitter  struggle,  the  great  document 
that  we  call  the  constitution  of  the  United  States  was  com- 
pleted. As  the  Fathers  commenced  to  sign  it,  the  g^eat  sage 
of  Philadelphia,  "benjamin  Franklin,  pointing  to  the  sun — ^the 
half  disc  of  a  sun  that  was  represented  upon  the  chair  in 
which  George  Washington  sat,  said,  "I  have  often  wondered 
during  the  progress  of  this  convention,  whether  that  sun  is  to 
be  a  rising  or  a  setting  sun.    Now  I  know  it  is  a  rising  sun/' 

New  Forces  on  the  Horizon 

And  through  the  past  century  it  has  proved  a  rising  sun. 
And  yet  our  institutions,  raised  under  this  constitution,  are  in 
more  deadly  peril  than  they  have  been  within  the  memory  of 
living  man,  and  that  for  the  very  obvious  reason  that  through 
the  very  power  of  multiplied  association  due  to  machinery,  there 
have  g^own  nongovernmental  forces  so  stupendous  as  to  threat- 
en the  integrity  of  government  itself.  It  has  come  like  a  black 
shadow  in  twenty-five  years.  Why,  twenty-five  years  ago  the 
Knights  of  Labor  was  a  great  national  labor  organization.  You 
will  remember  the  first  attempt  that  was  ever  made  to  force 
their  will  upon  the  people  of  this  country,  not  by  the  ballot, 
which  is  their  constitutional  right  as  the  constitution  provides, 
but  to  force  it  upon  the  people  in  a  manner  so  malevolent  and 
cruel  that  Prussia  need  not  be  ashamed  of  anything  they  have 
done. 

Why  do  I  say  that  ?  When  a  dispute  arose  in  1894  between 
the  employes  of  the  Pullman  company  and  the  Pullman  operat- 
ors, thereupon,  under  the  leadership  of  labor  organizations,  for 
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the  first  time,  a  virtually  nationwide  strike  was  attempted. 
Twenty-two  railroads  leading  into  Chicago  that  held  control  of 
the  necessaries  of  life  were  sought  to  be  paralyzed.  It  was 
felt  that  as  food  is  indispensable  to  man,  as  women  and  chil- 
dren would  starve  if  those  railroads  could  be  successfully  tied 
up,  nothing  remained  but  for  the  American  people  to  succumb 
in  the  presence  of  potential  starvation.  I  think  it  is  to  the 
glory  of  that  great  President,  Grover  Cleveland,  that  he  said 
that  the  mails  would  be  moved  and  the  channels  of  interstate 
intercourse  would  be  kept  open  if  it  took  every  Federal  bayonet 
Aat  was  then  within  the  control  of  the  Federal  government. 

Organised  Coercion 

Well,  that  passed  away,  and  a  far  greater  organization 
arose,  an  organization  numbering  not  600,000,  but  3,000,000, 
and  they  attempted  to  do  the  same  thing,  to  enforce  their  will 
upon  the  people,  not  by  means  of  the  ballot,  as  I  say,  which  is 
their  right,  but  by  economic  pressure  through  the  method  of 
the  boycott,  I  happened  to  be  counsel  in  the  Danbury  hatters' 
case  and  so  in  the  Buck  Stove  &  Range  Co.  case,  and  I  wish 
I  had  time  to  recount  the  cruel  tyranny  that  was  exerted  upon 
the  employers  of  labor  in  those  cases.  At  all  events,  the  pres- 
sure of  3,000,000  men  was  brought,  by  the  most  wonderful 
organization,  to  bear  upon  two  men,  or  at  least  two  groups  of 
men,  in  order  to  crush  them  unless  they  would  dictate  to  their 
employes,  who  desired  not  to  be  unionized,  the  necessity  of 
taking  out  union  cards  and  becoming  members  of  the  labor 
union. 

But  the  boycott  passed  as  too  mild  a  method.  But  as  long 
as  this  method  was  merely  one  of  compelling  the  employer  to  do 
that  which  otherwise  he  might  not  do,  while  it  nullified  every 
provision  of  the  Declaration  of  Independence,  and  the  great 
principle  of  individualism  which  the  constitution  of  the  United 
States  was  intended  to  make  firm  and  stable,  yet  nevertheless, 
in  a  day  of  great  organization  thos^  who  defend  this  form  of 
duress  can  at  least  say  it  is  an  open  fight  between  powerful 
groups  of  employers  and  powerful  groups  of  employes. 
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Therefore,  we  pass  to  the  last,  the  final  and  most  terrible 
stage  of  this  wretched  business,  namely  that  which  in  England 
they  call  "direct  action;"  namely,  the  power  of  labor  organiza- 
tions to  say  to  the  government,  **We  will  not  depend  upon  the 
ballot,  we  will  not  depend  upon  the  methods  of  constitutional 
government,  but  we  will  starve  the  women  and  children  unless 
you  will  agree  to  do  that  which  we  demand."  This  of  course 
means  the  destruction  of  civil  government  and  the  substitution 
therefore  of  that  most  hateful  of  all  rules,  the  rule  of  a  class. 
I  do  not  care  what  class  it  is.  whether  it  is  the  class  of  the 
employer  or  the  class  of  the  employe,  the  rule  of  either  as  a 
substitute  for  civil  government  would  be  indefensible  tyranny. 

It  is  remarkable  how  far  this  pernicious  doctrine  has  gone 
already.  Only  last  June,  in  a  vote  taken  in  the  great  National 
Trades'  Congress  of  England,  the  representatives  of  the  work- 
ing men  of  England  in  the  mines  and  railroads  and  transport 
services  determined  they  would  have  direct  action  to  impose 
their  will  upon  the  Mother  of  Democracies.  They  would  do 
so  for  what  purpose?  For  a  purpose  which  would  commend 
itself  to  any  fair-minded  man?  No;  to  nationalize  coal  mines. 
How?  By  paying  to  the  operators  or  owners  the  fair  return 
for  their  property?  Not  a  bit  of  it;  the  demand  upon  the 
British  government  at  this  hour  is  that  the  government  by  force 
shall  confiscate  every  privately  owned  mine  in  England  and 
not  give  the  owners  one  penny  in  lieu  either  of  capital  or  royal- 
ties, except  that  which  the  labor  leaders  in  England  liave  callec* 
compassionate  grants  to  a  few  of  the  operators  who,  by  reason 
of  poverty  or  other  circumstances,  would  be  given  a  dole. 

New  Demands 
Moreover,  last  June,  the  labor  congress  of  Great  Britain 
in  the  same  vote  of  two  to  one  for  direct  action,  said  to  their 
government,  "we  demand  that  you  take  every  soldier  out  of 
Russia,"  thus  attempting  to  substitute  their  will  for  the  foreign 
policy  of  Great  Britain  as  determined  by  its  parliament  accord- 
ing to  the  British  constitution.  Within  a  month  they  met 
again,  and  again  they  said  to  the  British  parliament  by  an 
overwhelming  vote,  approaching  unanimity,  "You  will  national- 
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ize  the  coal  mines  by  confiscating  the  owners'  property,  or  we 
will  reconvene,"  for  the  purpose,  as  was  plainly  intimated, 
of  applying  this  direct  action,  which  is  nothing  more  than  civil 
war.  The  threat  today  is  to  starve  this  victorious  people 
into  submission  to  the  rule  of  a  soviet  class.  And  if  this 
class  were  to  triumph  in  its  unholy  purpose,  in  this  bloodless 
but  none  the  less  cruel  civil  war,  we  would  witness  the  most 
pathetic  spectacle  imaginable — ^the  Mother  of  Democracies,  a 
nation  that  has  borne  upon  its  broad  shoulders  the  destinies 
of  a  liberal  civilization  for  nearly  a  thousand  years,  led  in  the 
chains  of  a  soviet  government.  Now  this  is  not  going  to  hap- 
pen, please  understand  that,  but  this  great  people  are  so  near 
the  abyss  that  we,  here  in  the  United  States,  have  very  con- 
siderable ground  for  pause. 

Are  We  Too  Optimistic  f 

We  are  so  optimistic  and  good  natured  a  people  that  we 
think  all  is  right.  We  seem  to  believe  these  violations  of  all 
the  proprieties  of  civil  life  can  happen  and  that  nothing  will 
follow.  The  result  is  that  the  situation,  instead  of  growing 
better,  grows  worse  from  year  to  year,  and  today  who  can  tell 
what  is  going  to  happen? 

Is  there  any  real  controversy  between  the  steel  employes 
and  the  steel  companies  as  to  their  conditions  of  employment? 
That  practically  does  not  figure  in  it,  because  only  one-fifth 
of  them  are  really  organized.  The  steel  strike  is  the  result  of 
outside  pressure  by  a  great  body  which  feels  that  the  Steel 
corporation  is  a  stone  wall  of  defense  of  the  whole  industrial 
liberties  of  America.  This  strike  is  the  attempt  to  destroy 
that  stone  wall  in  order  that  labor  organizations  can  be  so  wide- 
spread that  in  the  twinkling  of  an  eye  they  can  choke  America 
into  submission,  and  destroy  liberty,  freedom  and  the  inalienable 
right  of  the  individual  to  sell  his  labor  as  he  pleases,  together 
with  the  inalienable  right  of  any  man  to  engage  in  busi- 
ness in  any  way  he  pleases  or  not  to  engage  in  it  at  all. 
Have  you  read  what  the  gentleman  who  is  running  the  steel 
strike  for  the  labor  organization  said  in  1915 — I  shall  not  go 
back  to  1912,  but  in  1915  he  declared  he  believed  in  the  destruc 
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lion  of  all  government,  and  in  the  accomplishment  of  that  de- 
struction in  the  only  way  it  could  be  accomplished — by  starva- 
tion; by  pressure;  by  treating  free  industrial  America  as  the 
Prussians  treated  Belgium;  by  making  the  little  children  in  the 
streets  feel  the  terrific  character  of  the  pressure  upon  thenL 

Only  a  Skirmish 

We,  of  course,  hope  and  believe  that  this  particular  fight 
lor  freedom  from  the  oppression  of  labor  domination  will  be 
won.  But  suppose  it  is  won.  It  is  but  a  skirmish  in  a  vast 
struggle — a  struggle  for  your  constitution;  a  struggle  to  pre- 
serve the  form  of  government  that  was  adopted  by  our  fathers; 
a  struggle  to  preserve  the  form  of  government  under  which 
this  country  has  existed  for  a  hundred  and  thirty-two  years, 
and  under  which  it  has  immeasurably  prospered  until  today  it  is 
potentially  the  greatest  nation  in  the  world. 

If  the  constitution  of  the  United  States  were  to  perish  to- 
morrow, our  fathers  could  say  with  pride  as  a  great  English 
historian,  Freeman,  said  in  1862,  that  even  then  it  had  dif- 
fused more  happiness,  contentment,  peace  and  prosperity  over 
a  wider  range  of  country  than  any  similar  form  of  government 
had  ever  done  in  the  whole  history  of  the  world.  It  is  that 
constitution,  proclaimed  by  Gladstone  the  most  perfect  piece  of 
work  ever  struck  off  by  the  brain  and  purpose  of  man  at  a 
given  time,  that  constitution  which,  when  a  greater  than  Glad- 
stone, William  Pitt,  first  read  it,  he  said,  "It  will  be  the 
admiration  of  all  ages  and  the  pattern  for  all  future  govern- 
ments"— this  constitution,  the  admiration  of  the  world,  under 
which  we  have  grown  great,  is  threatened  by  a  spirit  which 
says,  "The  legislative  power  is  not  in  your  congress,  the  execu- 
tive power  is  not  in  your  President,  the  judicial  power  is  not 
in  your  courts,  but  on  the  contrary  in  a  labor  organization." 
If  it  can  acquire  sufficient  strength,  by  the  mere  pressure  of 
direct  action,  it  can  say  to  the  President,  it  can  say  to  congress, 
it  can  say  even  to  the  judges,  "You  will  do  what  we  say  or  we 
will  inflict  upon  this  country  such  widespread  suflFering  that  to 
men  the  loss  of  their  constitution  would  be  more  tolerable 
than  the  starvation  of  their  women  and  children." 
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Do  you  remember  what  took  place  only  in  1916?  How 
the  same  arrogant  would-be  tyrants,  with  stop  watches  in  their 
hands,  said  to  the  American  congress  and  to  the  American 
President,  "You  will  pass  a  law  within  a  given  time  and  if  you 
fail  to  do  it,  every  railroad  in  the  United  States  will  stop." 
And  we  yielded.  Congress  passed  the  Adamson  law,  the  courts 
sustained  it,  wages  were  raised  by  statute,  and  of  course  there 
was  another  triumph  to  be  scored  for  this  insidious  conspiracy 
against   free  government. 

I  think  in  conclusion  that  the  best  thing  that  we  can  do  is 
to  reiterate  those  words  of  Washington  and  invoke  them  as  the 
spirit  with  which  we  should  meet  this  grave  peril,  '*It  is  only 
too  probable  that  no  plan  which  we  propose  will  be  adopted; 
perhaps  another  dreadful  contest  is  to  be  sustained ;  if  we  adopt 
that  which  we  cannot  approve,  how  can  we  afterwards  approve 
our  work  to  the  people?  Let  us  raise  a  standard  to  which 
the  wise  and  just  can  repair ;  the  event  is  in  the  hand  of  God." 

It  is  time  for  Republicans  and  Democrats,  it  is  time  for 
ail  patriotic  Americans,  to  unite  and  take  this  nettle  of  Bolshe- 
vism and  crush  it.  It  is  time  for  all  of  us,  for  the  time  being, 
to  forget  our  troubles  in  other  parts  of  the  world.  The  most 
immediate  necessity  that  we  have  and  the  greatest  service 
that  we  can  render,  even  to  our  faithful  allies,  is  to  solve 
this  seemingly  insoluble  problem  in  our  midst.  The  problem 
is  to  restore  the  reign  of  law;  it  is  to  enforce  the  laws  we 
now  have  upon  the  statute  books.  But  for  my  part,  in  addition 
to  the  laws  we  now  have  which  forbid  these  indefensible  re- 
straints of  trade,  I  would  add  another,  namely — that  if  any 
combination,  either  of  employers  or  employes,  shall  attempt  to 
subvert  government  by  saying  to  the  President  or  the  congress 
of  the  United  States,  "You  will  do  so  and  so  or  we  will  starve 
the  American  people  by  refusing  to  mine  coal  or  by  paralyzing 
their  railroad  supplies,"  that  that  offense  shall  be  the  equivalent 
of  sedition  and  punished  accordingly. 
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Report   of  A.  F.  A.  Committee    on 

Safety,  Sanitation  and  Fire 

Prevention 

The  Committee  on  Safety,  Sanitation  and  Fire  Prevention 
of  the  American  Foundrymen's  association  recognizes  at  this 
time  that  a  new  factor,  namely  the  United  States  Bureau  of 
Standards,  is  now  engaged  in  compiling  new  safety  codes  for 
various    industries,    including   a   standard    code    for    foundries. 

Your  committee  requests  the  American  Foundrymen*s  as- 
sociation that  it  be  authorized,  during  the  coming  year,  to  keep 
in  touch  with  the  United  States  Bureau  of  Standards  and  to 
co-operate  with  the  bureau  in  the  compiling  of  the  proposed 
new   foundry  code. 

Your  committee  wishes  also  to  bring  to  the  attention  of 
the  American  Foundrymen's  association  the  fact  that  various 
states  such  as  Wisconsin,  New  Jersey,  New  York,  Ohio  and 
California  are  all  compiling  industrial  lighting  codes  or  have 
practically  completed  such  codes.  These  codes  will  effect  the 
foundry  industry  in  the  states  referred  to. 

It  is  recommended,  therefore,  that  the  American  Foundry- 
men's  association  through  this  committee  watch  the  develop- 
ments of  these  various  state  codes. 

It  is  recommended,  also  that  the  scope  of  your  committee 
be  enlarged  with  a  view  of  giving  special  study  to  the  welfare 
of  employes  in  foundries  and  to  improving  the  splendid  spirit 
which  has  always  existed  between  the  employes  and  the  man- 
agement among  the  foundries  that  are  members  of  the  American 
Foundrymen's  association. 

Accidents  cannot  be  entirely  eliminated  by  mechanical 
means,  foundry  regulations,  or  federal  regulations.  About  75 
per  cent  of  foundry  accidents  can  be  eliminated,  however, 
by  educational  work  among  employes  and  by  efforts  made  to 
safeguard  and  improve  the  relations  between  the  management 
and  the  men.  It  is  recommended  that  the  American  Foundry- 
lien's    association    send    out    a    questionnaire    to    all    foundries 
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on  its  membership,  requesting  information  as  to  what  they  are 
doing  along  lines  of  accident  prevention  and  welfare. 

In  view  of  the  importance,  therefore,  of  all  these  prob- 
lems your  committee  recommends  that  a  Committee  on  Safety 
and  Accident  Prevention  be  reappointed.  It  is  important  that 
the  members  who  are  appointed  on  this  committee  should  be 
able  to  give  time  and  be  able  to  attend  to  one  or  two  meetings 
that  are  held  annually. 

F.  H.  Elam, 

RiCHAHD  MOLDENKE^ 

Paul  B.  Morgan, 
C.  E.  Pettibone, 
Franklin  H.  Wentworth, 
R.  H.  West, 
'Victor  T.  Noonan,  Chairman, 

Tentative  Fire  Prevention  Regulations 

1. — All  foundry,  pattern  and  storage  buildings  shall  be  of  fire 
resistive  construction. 

All  pattern  shops,  storage  buildings,  warehouses,  and  offices  shall  be 
equipped  with  sprinkler  systems. 

2. — All  pattern  storage  buildings  shall  be  subdivided  by  fire  walls. 

3. — All  sections  of  foundries  devoted  to  the  cupola,  air  furnace,  con- 
verter, crucible,  open-hearth  or  electric  furnaces,  shall  be  entirely  of 
fire-resistive  construction. 

4. — Foundry   cupboards   should   all   be  of  metal  construction. 

5. — It  is  recommended  that  metal  flasks  shall  be  used  in  place  of 
the  present  wooden  flasks,  as  required,  this  being  a  step  toward 
the  conservation  of  wood  and  also  a  prevention  against  fires, 
within   the    foundries. 

6. — ^All  oil  stores  shall  be  kept  within  metal  containers  in  fire- 
resistive  oil  houses. 

7. — All  foundries  shall  have  organized  fire  brigades. 

Hold  brigade  fire  drills  at  irregular  intervals,  at  least  once  a  month. 
Have  written  reports  of  all  brigade  drills  and   fires. 

8. — Fire  hose  shall  be  used  for  fire  protection  purposes  only. 

Keep  all  fire  appliances  clean  and  accessible,  and  see  that  they  are 
constantly  ready  for  use. 

9. — Provide  brigades  with  modem  means   for  fighting  fires. 
10. — Have  regular  inspections  made   for   fire  hazards. 
11. — See  that  electric  wiring  is  kept  in  repair  and  not  abused. 
12. — Guard  against  spontaneous  combustion  in  stock,  as  fires  may  start 
from  this  source.     Spontaneous  combustion  is  a  hazard  from  which 
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fires  may  start  in  the  fuel  and  oil  supplies,  especially  in  the  oils  used 
in  mixing  the  cores.  Linseed  oil  is  very  dangerous  as  regards 
spontaneous  combustion  if  it  comes  in  contact  with  rags,  sacking, 
waste,  or  other  substances.  Spontaneous  combustion  is  also  a 
hazard  where  accumulation  of  oil  and  waste  and  oily  overalls  occur 
in  tool  cupboards  and  lockers. 

Recommendations 
1. — Install  the   following  appliances: 
a. — Metal  waste  containers, 
b. — Safety   cans    for   inflammable   liquids, 
c. — Metal  ash  cans. 

d. — Fire-resistive    lockers    for    employes. 
e. — Wire  guards   on  all  gas  and  electric   lights. 
2. — Forbid  the  use  of  "strike-anywhere"  matches. 
3. — See  that  electric  wiring  is  kept  in  repair  and  not  abused. 
4. — Get    co-operation    of    employes    in    the    care    and    use    of    all    fire 
protection   appliances.     Employes   should   be   encouraged   to    report 
any  condition  that  may  cause  fire. 

What  You  Need  to  Fight  Fire  in  Your  Foundry 
1. — Fire  extinguishers. 
2. — Water  pails,  casks,  and   bucket   tanks. 
3. — Chemical  engines. 
4. — Axes  and  hooks. 
5. — Stand  pipes  and  hose. 
6. — Sprinkler   system. 
7. — Fire   alarm. 

Common  Hazards  That  Imperil  Many  Plants 
1.— Boilers,   radiators  and   furnaces. 
2. — Electric  light,  heat  and  power. 
3. — Gas  light,  heat  and  power. 
4. — Oil   lamps. 
5. — Candles. 
6. — Torches. 

7.— Dirty    chimneys    and    flues. 
8. — Lighting  and  spontaneous  combustion. 

To   Insure  Fire  Appliances   Being  Ready   When   Needed 
1. — Be  sure  to  see  all  water  and  standpipes  are  protected  from  freezing. 
2.— See  that  chemical  extinguishers,  pails,  casks,  etc.,  are  clean,  acces- 
sible, and  guarded  from  danger  of  freezing, 
3. — Have  extra  charges   for  extinguishers  always  on   hand. 
4. — Sec  that  all   employes   understand   use   of   appliances. 
5. — Test  fire  pump  regularly. 
6. — Replace   defective  appliances   at   once. 
7.— See  that  fire  appliances  are  in  their  proper  places  at  all   times. 


*     Digitized  by  VjOO^ IC 


Uniform  Costs  in  the   Foundry 
Industry 

By  C.  E.  Knoeppel,  New  York 

Perhaps  the  greatest  problem  before  American  industry 
today  is  that  of  determining  accurate  cost  of  production.  In- 
dustry is  becoming  so  complex,  our  tax  laws  are  so  intricate 
and  the  matter  of  accurate  returns  are  so  important  that  the 
concern  operating  without  knowledge  of  costs,  is  in  the  least 
possible  position  to  conduct  its  business  to  the  best  advantage. 
Another  and  perhaps  the  most  important  reason  why  costs  must 
be  accurately  ascertained,  is  that  to  enable  the  manufacturer 
to  determine  just  what  he  can  voluntarily  do  in  the  way  of 
increasing  wages  and  arranging  for  profit-sharing  plans,  and  if 
necessary,  to  offset  the  unreasonable  demands  on  the  part  of  his 
workers,  he  must  know  where  he  stands  with  reference  to  his 
production  costs. 

Some  years  ago  a  trade  paper  contained  this  choice  bit  of 

logic: 

"The  surgeon,  for  instance,  certainly  ought  to  be  satisfied  with 
his  job.  When  he  wants  an  extra  five  hundred,  all  he  needs  to  do 
is  to  single  out  one  of  his  well-nourished  patrons,  prod  him  viciously 
just  below  the  first  floating  rib  until  he  grunts  and  then  utter 
those  three  magic  (likewise  remunerative)  words — 'appendicitis, 
operation  imperative.'  This  is  effective  salesmanship.  Could  any 
manufacturer  land  a  contract  with  such  dispatch?  Hardly.  Which 
is  quite  different  from  the  manufacturing  business.  If  a  manu- 
facturer wants  to  squeeze  out  an  extra  $25,  he  will  have  to 
spend  a  couple  of  weeks  with  his  cost  cards  and  figures  and  sweat 
and  snort  and  chew  his  nails  way  up  to  the  knuckle  and  finally 
when  he  does  locate  a  twenty-five  that  he  might  possibly  grab  if 
he  slips  up  to  it  quietly  and  it  does  not  happen  to  see  him  first, 
along  comes  an  unexpected  bill  for  something  or  other  and 
go\Mes  it  up." 

Factors  Which  May  Cause  Failure 
If  we  eliminate  such  considerations  as  lack  of  capital,  un- 
wise credits,  extravagance  and  fraud,  there  are  three   factors 
which    whether  considered   separately   or   in   combination,   can 
cause   distress  to  an  industrial  concern.     These  are:     Lack  of 
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systematic  production  methods,  failure  to  ascertain  accurate 
costs,  and  lack  of  uniformity  in  costing  or  in  bidding  on  work. 

It  is  difficult  to  bring  about  agreements  as  to  prices.  A 
manufacturer  once  stated:  *'We  no  sooner  agree  upon  a  price, 
than  it  is  a  race  to  the  telephone  to  see  who  can  take  orders 
at  prices  a  little  under  those  fixed." 

A  careful  study  of  the  situation  leads  to  this  conclusion. 
Agreement  as  to  price  is  not  necessary.  The  comparing  of  bids 
is  not  altogether  an  essential.  Combination  to  control  a  local 
situation  is  not  the  solution.  There  should  be  such  uni- 
formity in  ascertaining  and  compiling  costs  and  making  esti- 
mates as  to  insure  against  wide  differences  in  prices.  In  brief 
a  measure  making  possible  stable  prices  without  any  general 
agreement  or  secret  understanding  is  needed. 

I  believe  that  I  am  safe  in  saying  that  there  are  two  funda- 
mentals in  business,  which  stand  out  so  prominently  as  to 
admit  of  no  argument. 

First:  Every  manufacturer  who  furnishes  a  product  of  good 
quality  and  who  can  make  reasonable  deliveries  is  entitled  to  his 
share  of  the  available  business  at  a  fair  and  reasonable  margin  of 
profit. 

Second:  Any  concern  which  purchases  a  product  below  the 
cost  of  production  is  enjoying  something  to  which  it  is  not  en- 
titled and  which  really  belongs  to  the  manufacturers  of  the  par- 
ticular product. 

Why  Bids  Are  High 

If,  after  providing  uniformity  and  accuracy  in  cost  keep- 
ing, a  concern  finds  that  it  is  consistently  higher  in  its  bidding 
than  others,  it  can  only  mean  that  it  is  not  operating  efficiently, 
or  that  it  is  adding  too  much  profit  to  its  costs. 

Knowing  these  things,  the  company  is  in  a  position  to 
check  up  its  weak  spots  and  determine  where  the  faults  are  and 
then  correct  them,  whic'h  will  mean  lower  costs  and  better 
operating  conditions.  If  it  can  find  no  opportunity  to  reduce 
its  cost,  and  this  would  be  a  rare  case  indeed,  it  means  a 
reduction  in  the  rate  of  profit  must  be  made  until  conditions 
are  better.  At  any  rate  uniformity  in  costs  means  intelligent 
competition  as  well  as  furnishing  a  means  for  increasing  oper- 
ating results.  Many  manufacturers  have  told  me  that  they 
have   no   objection   to   the   hardest   kind   of   competition    when 


Digitized  by  VjOO^ IC 


Uniform    Costs   in    the   Foundry   Industry  53 

they  know  that  their  competitors  are  operating  intelligently 
along  uniform  lines  and  with  full  knowledge  of  the  true 
conditions. 

Considering  the  foregoing  as  well  as  the  statement  made 
some  years  ago  by  the  Federal  Trade  commission,  that  only 
10  per  cent  of  the  manufacturers  and  merchants  know  the 
actual  cost  of  manufacturing  and  distributing  goods,  and  that 
only  25  per  cent  of  the  business  corporations  of  the  country 
made  over  $5,000  a  year,  the  only  conclusion  possible  is  that 
the  greatest  problem  confronting  industry  is  the  matter  of 
arranging  for  uniformity  in  keeping  accurate  costs. 

There  is  no  question  but  what  industry  in  this  country  is 
headed  for  an  8-hour  day  and  perhaps  the  inability  to  use 
piece  work  and  bonus.  The  time  is  also  coming  when  the 
government  is  going  to  take  some  action  with  reference  to  the 
matter  of  cost  keeping. 

Bidding  Against  One's  Self 

Recently  I  was  told  of  a  case  where  a  concern  contracted 
to  furnish  castings  at  $2.85  per  hundred  pounds.  When  it 
l)ecame  apparent  that  money  was  being  lost  somewhere,  an  in- 
vestigation was  made  with  the  result  that  the  actual  cost  of  this 
particular  work  was  found  to  be  between  $4  and  $5  per  hun- 
dred pounds.  This  naturally  brings  up  another  point.  Not 
only  does  the  buyer  profit  to  the  extent  of  the  difference 
between  the  cost  to  the  foundrymen  and  the  price  the  buyer  pays 
but  he  will  expect  some  of  the  other  foundrymen  when  the 
present  contract  expires,  to  furnish  him  castings  for  a  price 
not  much  in  excess  of  $3  per  hundred  pounds.  If  he  cannot 
get  a  quotation  near  this  figure,  and  he  can  hardly  be  blamed 
under  the  circumstances  for  not  wanting  to  pay  $5  per  hundred 
pounds,  he  will  advertise  his  requirements  until  some  foundry- 
man  who  must  have  the  work  at  any  figure,  or  who  does 
not  know  his  exact  costs,  will  give  him  a  bid  that  is  satis- 
factory, and  as  a  result  the  honest,  intelligent  foundryman  is 
placed  at  a  decided  disadvantage.  But  was  not  some  foundry- 
man  to  blame  in  the  first  place? 
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A  manufacturer  writes  you  that  he  is  in  the  market  for 
castings  and  offers  prints  and  specifications  and  you  carefully 
analyze  the  situation  and  make  him  a  bid  on  the  work.  Later 
you  call  upon  the  manufacturer  and  he  tells  you  that  he  would 
like  to  give  you  the  order  very  much  and  quietly  informs  you 
that  your  price  is  too  high  and  that  as  long  as  you  cannot 
give  him  a  better  price  he  will  be  forced  to  place  his  contract 
elsewhere.  You  reconsider  the  quotation  carefully  and  finally 
make  him  a  better  price.  Perhaps  you  get  the  order  and 
perhaps  you  don't.  It  all  depends  upon  the  ntunber  of  bid- 
ders in  the  field.  Further,  the  manufacturer  no  doubt  advanced 
the  same  ai^^imient  to  all  who  bid  on  the  work.  It  is  often 
done.  He  fully  realizes  and  is  secure  in  his  belief,  that  each 
one  is  in  ignorance  of  the  prices  quoted  by  the  others  and  as 
a  general  rule  he  is  in  a  position  to  say  that  he  has  an  even 
better  price  than  the  lowest  quoted,  as  there  is  no  one  to  deny 
him.  The  result  is  that  you  not  only  bid  against  the  others 
who  are  after  the  same  work,  but  worst  of  all  you  are  bidding 
against  yourself.  Your  own  doubts  and  fears  and  your  im- 
mediate necessities  are  the  only  factors  which  determined  how 
much  you  will  shave  the  price.  Consequently  instead  of  one 
foundryman  being  benefitted  by  the  transaction,  the  buyer  is 
the  one  who  walks  off  with  the  gains. 

My  experience  in  industry,  especially  in  connection  with 
foundries,  shows  me  how  hopelessly  inadequate  the  present  day 
cost  practice  is.  I  have  seen  patterns,  machinery  and  tools 
carried  as  assets,  which  should  be  in  the  junk  pile.  Some 
foundrymen  figure  rent,  others  do  not.  Some  figure  deprecia- 
tion, others  do  not.  Some  figure  overhead,  others  do  not. 
As  for  the  methods  of  distributing  an  overhead,  if  the  plans  of 
all  foundries  could  be  put  together,  the  result  would  resemble 
a  patch  quilt. 

Systems  Are  Not  Uniform 

In  one  shop,  the  overhead  was  apportioned  on  a  tonnage 

basis  and  it  was  noted  that  the  plant  was  getting  plenty  of 

light  complicated  work  but  not  its  share  of  heavy  work.     The 

cost  system  was  making  the  heavy  work  cost  too  much  3(nd 

^e  light  work  cost  too  little. 
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Men  go  into  business  to  make  money  and  to  do  this  there 
must  be  profits.  There  can  be  no  profits  unless  costs  are  less 
than  prices.  Therefore  costs  should  be  known.  The  accounts 
should  show  what  it  costs  to  run  a  business.  If  costs  are  high 
the  system  should  show  where  they  are  high  and  why  they 
are  high.  An  average  cost  means  nothing  at  all  except  that 
some  castings  cost  less  and  some  cost  more.  A  true  cost  sys- 
tem should  show  how  much  more  and  how  much  less. 

The  Standard  Oil  Co.  knows  in  minutest  detail  the  cost  of 
drilling  wells,  tanking,  transporting  oil  and  refining  and  the 
making  of  by-products.  It  leaves  nothing  to  chance.  The 
United  Cigar  Stores  Co.  never  opens  a  store  on  mere  estimates. 
Before  deciding  to  locate  in  a  certain  a  place  a  man  with  a 
pocket  comptometer  determines  the  number  of  persons  who 
pass  the  spot  during  each  hour  of  the  day.  Before  opening  the 
store,  this  company  knows  from  previous  statistics  and  ex- 
perience, almost  exactly  the  amount  of  business  it  will  do  and 
the  profit  it  will  make. 

The  need  of  costs  is  known  to  all.  The  trouble  is  that 
each  man  thinks  a  cost  system  is  a  fine  thing — for  the  other 
fellow.  We  all  agree  to  some  extent  that  cost  accounting  is 
necessary,  but  there  is  something  more  important,  however, 
than  for  each  to  have  a  good  cost  system.  The  basis  for  costs 
should  be  uniform  so  that  all  will  figure  along  the  same 
general  lines.  Even  if  10  factories  should  put  in  cost  systems, 
as  complete  as  10  diflFerent  experts  could  make  them,  assuming 
that  each  one  was  different  from  the  others,  the  net  result  to 
the  individuals  and  to  the  industry  would  be  worthless  and 
time  and  money  would  be  wasted. 

For  instance,  assume  that  Smith  says  his  castings  cost  him 
$3.25 ;  Jones  replies  that  his  castings  cost  $2.75 ;  Brown  claims 
that  his  burden  is  150  per  cent;  while  Grey  admits  that  his  is 
nearer  200  per  cent.  Unless  it  is  known  just  how  these  costs 
are  determined,  comparisons  are  not  only  meaningless,  but  mis- 
leading and  therefore  dangerous. 

What  do  we  mean  by  cost?  Is  it  simply  the  gathering 
together  of  dry  figures  which  are  rarely  used  in  a  constructive 
fashion,  because  of  the  difficulty  in  mentally  visualizing  a  mass 
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of  unrelated  st?atistics?  Is  cost  finding  to  be  mere  history  or 
prophecy?  Is  it  to  be  tised  to  determine  what  has  been  done 
in  the  past,  without  much  reference  to  the  future?  Is  cost 
compiling  to  be  done  with  reference  to  the  financial  side  of 
the  business  only,  or  is  it  to  be  of  pronounced  assistance  to  the 
other  branches  of  manufacturing? 

Principles  to  be  Followed 

It  has  been  found  by  experience  that  unless  four  prin- 
cii>les  are  incorporated  in  cost  systems,  they  fall  far  short  of 
performing  their  real  functions.     These  principles  follow : 

First:  A  cost  system  to  be  of  the  greatest  possible  \alue  to  ;% 
business  must  serve  the  three  principal  divisions  of  the  business, 
namely   sales,   production   and    financing. 

Second:  In  most  plants  an  order  taken  at  a  close  margin  is 
watched,  coaxed  and  nursed  along  in  the  plant  with  the  result 
that  a  profit  is  made  or  the  loss  kept  to  small  proportions.  Because 
it  is  definitely  known  what  must  be  done,  close  supervision  sees 
that  it  is  done.  Therefore,  the  time  to  see  to  it  that  a  profit 
will  be  made  or  the  loss  kept  to  a  minimum  is  certainly  not  when 
the  work  is  partly  finished  or  entirely  completed,  but  before  work 
is  commenced.  Hence  it  is  necessary  to  predetermine  the  time  and 
cost,  and  to  control  production  so  as  to  watch  fluctuations  and 
exceptions  with  a  view  to  reducing  costs,  while  the  work  is 
being  done. 

Third:  If  costs  are  abnormally  high,  due  to  operating  at  con- 
siderably less  than  capacity,  prices  based  on  such  costs  will  mean 
failure  to  secure  business.  If,  on  the  other  hand,  costs  are  abnor- 
mally low,  due  to  night  work,  overtime  and  Sunday  work,  prices 
based  on  such  costs  will  mean  securing  business  at  rates  lower 
than  you  can  get  for  your  product.  In  other  words,  from  the 
standpoint  of  estimating  and  business  getting,  costs  can  only  be 
used  to  advantage  as  a  rule  when  the  plant  is  operating  at  or 
about  normal  capacity.  By  normal  we  mean  from  80  to  90  per 
cent  of  the  possible  capacity  of  the  plant.  For  this  reason  while 
providing  for  actual  costs,  standardization  of  cost  rates,  espe- 
cially over  head  rates,  should  be  arranged  for  in  order  that  esti- 
mates may  be  more  uniform  and  the  costs  made  of  real  value  to 
the    sales    and    production    departments. 

Fourth:  Cost  finding  should  be  arranged  so  as  to  make  the 
most  complicated  work  net  the  greatest  returns  in  profit.  For  in- 
stance, two  contracts  may  cost  $1000  each.  On  one  there  may 
be  $300  worth  of  labor,  while  on  the  other  there  may  be  only  $150 
worth  of  labor.  If  20  per  cent  is  added  to  the  cost  for  profit, 
making  the  price  $1200  in  both  cases,  provision  has  not  been  made  for 
the  degree  of  complication.  As  the  time  of  workmen  and  equip- 
ment are  the  productive  investment  in  a  business,  it  stands  to 
reason  that  a  man  should  get  more  for  a  job  taking  $300  in  labor 
than  one  costing  $150  for  labor,  and  the  cost  keeping  and  price 
"laking    should    reflect    and    reconcile    these    differences. 
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Greatest  use  to  business,  predetermination,  standardization 
and  productivity  constitute  the  principles  of  cost  accounting.  Re- 
ferring to  the  first,  "Greatest  use  to  business,"  little  argument 
should  be  needed  to  convince  the  manufacturer  of  the  impor- 
tance of  making  the  system  serve  the  three  departments  ot  the 
business.  It  is  not  sufficient  to  have  a  system  which  may  be 
perfect  from  the  financial  standpoint,  but  which  gives  the  pro- 
duction division  of  the  business  so  little  in  the  way  of  avail- 
able cost  data  as  to  make  it  impossible  for  it  to  assist  in 
reducing  costs,  nor  is  the  cost  data  of  assistance  to  the'  pro- 
duction division  if  the  cost  information  is  presented  so  long 
after  the  operation  which  the  figures  represent  as  to  make  it 
next  to  impossible  for  a  man  to  remember  what  caused  the 
fluctuations.  Certainly  there  is  no  advantage  to  the  sales 
manager  if  he  can  only  rely  on  the  cost  figures  when  the  plant 
is  operating  at  normal  capacity. 

One  of  the  executives  of  a  plant  once  asked  me  to  advise 
him  on  a  cost  problem  as  to  which  of  two  plans  was  the  better. 
He  stated  that  both  the  treasurer  and  the  production  manager 
wanted  a  cost  system,  but  that  each  one  wanted  a  different 
kind  of  a  system.  The  treasurer  wanted  a  financial  account- 
ing system  to  show  his  directors  where  the  money  was  spent, 
and  why,  making  the  shops  fit  with  his  plans  instead  of  basing 
his  work  on  manufacturing  conditions.  The  production  man- 
ager on  the  other  hand,  advanced  the  argument  that  he  was 
employed,  first,  to  get  out  production  as  rapidly  as  possible, 
next  to  keep  the  expense  down  to  a  minimum  and  finally  to 
render  a  proper  accounting  for  the  time  and  cost  put  in  on 
work.  In  other  words,  the  one  wanted  financial  costs,  and 
the  other  engineering  costs.  The  one  wanted  to  be  a  historian 
delving  into  the  past,  while  the  other  preferred  to  be  a  prophet 
looking  into  the  future.  One  would  make  cost  a  prime  con- 
sideration of  the  business  and  the  other  would  make  it  a  part 
of  manufacturing.     The  production  manager  was  right. 

Referring  to  the  second  principle.  "Predetermination/*  if  a 
careful  estimate  is  made  prior  to  starting  the  work,  it  oflFers 
something  to  aim  at  and  enables  a  constant  check  on  results 
during  the  time  work  is  being  made.  Knowledge  of  actual 
costs  may  serve  to  enable  a  man  to  do  better  next  time,  hut 
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predetermination  will  assist  materially  in  keeping  the  cost 
within  well  defined  limits.  If  you  determine  standard  outputs 
as  expressed  in  units  per  hour,  in  a  sense  you  have  determined 
the  cost  of  work  from  the  standpoint  of  time  at  any  rate,  which 
after  all  is  the  real  productive  investment  in  business.  So 
long,  therefore,  as  a  job  or  operation  is  up  to  or  ahead  of  the 
schedule  of  estimated  production  as  expressed  in  units  per 
working  hour,  the  costs  are  bound  to  be  within  prescribed 
limits.  What  should  be  watched  is  the  cost  of  work  which 
falls  behind  schedule  as  here  is  where  the  losses  occur.  Thus, 
you  have  within  your  control,  through  the  medium  of  pre- 
determination, the  data  necessary  to  watch  costs  during  the 
process  of  work  and  in  the  hands  of  your  shop  personnel, 
giving  them  a  direct  point  of  contact  in  connection  with  cost 
reduction.  In  other  words,  determine  equivalents  and  watch 
actual  results  which  •fail  to  measure  up  to  them.  Do  not  over- 
look the  enormous  importance  of  the  influence  on  shop  officials 
in  putting  them  in  direct  touch  with  this  matter  of  cost,  through 
having  standard  outputs  and  curtailing  actual  costs  in  excess 
of  them.  This  does  not  mean  that  the  actual  costs  of  pro- 
duction are  not  to  be  compiled  in  an  accurate  manner.  Pre- 
determination should  be  used  as  much  as  possible  in  anticipat- 
ing increases  in  cost-  Watching  costs  in  excess  of  estimates 
enables  you  to  produce  more  economically  than  would  other- 
wise be  the  case. 

Normal  Operation  Should  be  Basis 

Referring  to  the  third  principle  "Standardization,"  in  the 
early  part  of  1908  the  writer  took  hold  of  a  large  plant  in 
Pennsylvania,  comprising  a  structural  shop,  machine  shop  and 
foundry.  The  burden  accounting  employed  at  the  time  gave 
the  machine  shop  more  profits  than  it  was  entitled  to,  while  the 
structural  shop  was  showing  profits  less  than  those  actually 
made.  The  foundry  was  selling  castings  to  the  machine  and 
structural  shops  at  actual  cost,  which  did  not  include  any 
proportion  of  the  overhead  expense  of  the  company.  In  the 
changes  that  followed,  each  department  was  put  on  its  own 
feet  through  the  books  of  the  company,  with  provision  for 
monthly  profit  and  loss  statements. 
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The  theory  which  the  author  had  in  mind  was  that  the 
greatest  volume  of  business  could  be  secured  only  when  the 
plant  was  operating  at  about  normal.  With  high  production 
meaning  low  cost,  and  low  production  high  cost,  under  the 
usual  method  of  accounting  it  meant  that  the  sales  and  cost 
divisions  came  into  conflict  both  when  costs  were  high,  which 
operated  against  obtaining  business,  and  wlien  costs  were  ex- 
tremely low  due  to  abnormal  business,  which  resulted  in  quoting 
prices  lower  than  would  be  necessary  to  secure  the  business. 

So  much  for  the  theory ;  now  for  the  practice  1  A  concern 
is  in  business  to  sell.  It  may  make  what  it  can  sell,  or  sell 
what  it  makes,  but  selling  is  the  fundamental  basis  of  any 
business,  a  point  which  many  accountants  and  industrial  engi- 
neers seem  to  forget.  If,  as  a  sales  manager,  I  cannot  sell 
goods  because  due  to  conditions  being  below  normal  my  prices 
are  too  high,  or  because  of  an  abnormally  high  production  my 
prices  are  lower  than  I  know  I  can  get  for  my  goods,  I  don't 
need  to  be  an  industrial  engineer  nor  an  accountant  to  know 
that  something  is  radically  wrong  with  the  whole  thing,  both  in 
theory  and  in  practice. 

With  standard  rates,  however,  reflecting  normal  conditions, 
I  am  assured  against  loss  of  business  on  the  one  hand  and 
loss  in  prices  on  the  other.  I  know  also  that  on  this  basis 
the  line  which  is  profitable  in  the  shop  will  show  profits,  where- 
as through  operating  on  a  low  production  basis  the  increased 
overhead  will  not  only  wipe  out  the  profits,  but  make  the  line 
show  a  loss.  At  any  rate,  at  the  time  the  methods  were  intro- 
duced in  the  concern  in  question,  the  business  was  making 
very  little  money.  It's  sales  were  not  large  and  it  was  a  heavy 
borrower,  with  a  pattern  account  far  in  excess  of  real  value.  It. 
had  a  bond  issue  hanging  over  it's  head.  Today  this  plant  with 
two  additions,  is  doing  a  capacity  business,  making  excellent 
profits  and  declaring  dividends.  It  is  discounting  its  paper 
and  has  retired  its  bonds,  while  the  pattern  account  is  where 
it  belongs. 

The  fourth  principle  is  "Productivity."  The  most  advanced 
doctrine  of  management  is  that  the  unit  sold  is  really  the  time 
of  equipment,  the  time  of  working,  the  time  money  is  tied 
up  in  materials,  the  time  of  clerical  help,  the  time  of  storing 
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materials  in  a  given  place,  the  time  of  making  rigging,  the  time 
of  transferring  materials  from  one  phce  to  another,  and  the 
time  of  inspection.  If  there  are  delays  or  enforced  idleness 
at  any  of  these  points  the  result  will  be  high  costs,  which 
make  for  high  prices.  In  proportion,  therefore,  as  manu- 
facturers consider  this  question  of  time  in  price  making  and 
figuring  profits,  in  that  same  proportion  will  they  increase  their 
business  efficiency. 

Productivity,   a   Measure   of  Costs 

It  is  also  obvious  that  a  customer  should  pay  most  for 
that  which  is  most  complicated  to  make.  A  job  may  be 
simple  to  mold  but  decidedly  intricate  as  to  core  making  and 
setting.  The  only  basis,  therefore,  is  to  properly  consider  pro- 
ductivity, which  is  after  all  the  true  measure  of  complicatioa 

In  brief,  the  requirements  of  a  proper  system  of  foundry 
costing  are: 

Cost  of  labor  and  material  should  he  accurately  determined  and 
properly  classified. 

The  expenses  of  a  business  or  overhead  or  burden  as  it  is 
called,  should  be  carefully  compiled  and   classified. 

The  apportionment  of  overhead  to  production  must  be  arranged 
on  some  basis  as  wilil  not  make  the  cost  of  heavy  work  too  high 
nor  the  cost  of  the  light  work  too  low,  otherwise  the  result  will  be 
loss  of  sales  on  heavy  work  and  plenty  of  light  work  at  low  prices. 

Those  who  purchase  castings  should  pay  most  for  those  which 
cost  the  most  to  produce,  as  reflected  by  the  time  taken  to  pro- 
duce them. 

Costs  vary  with  productivity  by  which  is  meant  the  rela- 
tive amount  produced  per  man  per  day.  The  work  of  a  man  pro- 
ducing a  ton  per  day  costs  less  per  100  pounds  than  that  of  a 
.man  who  produces  only  500  pounds  per  day  and  the  cost  should 
reconcile  this  difference.  In  other  words,  consideration  should  be 
given   to    the   fast   and   slow   moving  jobs. 

Costs  should  be  classified  according  to  whatever  plan  will  best 
meet  the  particular  conditions.  This  can  be  done  according  to 
classes  of  work,  kind  of  molding,  separate  patterns  and  classes  of 
patterns,  kind  of  cores,  character  of  cleaning,  according  to  depart- 
ments, and  by  classified  weights.  Provision  in  all  cases  should  be 
made   for   determining  the   cost   of   individual   patterns. 

Costs  should  be  placed  on  a  30-day  basis  offering  12  opportuni- 
ties per  year  for  locating  and  correcting  faulty  conditions. 

Costs  should  be  based  on  standard  rates  for  the  various  item* 
in  order  to  enable  a  foundry  to  operate  and  make  prices  based 
on  normal  conditions. 
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With  the  four  principles  incorporated  in  the  cost  system, 
and  the  eight  requirements  met,  the  following  may  be  expected : 

1.  Elimination   of  guess   work   in   price   making 

2.  Knowledge  that  all  items  are  included. 

3.  The   right  kind   of   a   basis   for   predetermining   production 

rates  and  costs. 

4.  Intelligent  apportionment  of  overhead. 

5.  Comparison  of  work  between  different  plants. 

6.  Close  watch  on  work  running  over  estimates. 

7.  Discouragment  of  price   cutting. 

8.  Better  prices. 

9.  Stronger    institutions    financially. 

10.  ValusJble    Association    data. 

11.  Betterment  to  the  entire  industry. 

The  Bridgeport  Evening  Post  on  Aug.  13  made  the  fol- 
lowing statement  editorially: 

"The  master  printers  of  this  country  have  a  constructive  organ- 
ization from  which  other  industries  and  trades  can  well  take  the 
idea.  Instead  of  being  an  organization  to  control  prices  and  for 
fig'hting  the  labor  unions,  it  is  one  to  work  with  each  other  as 
to  costs.  There  was  a  great  deal  of  piratical  competition  in  the 
printing  industry.  Some  customers  paid  too  much  and  others  not 
enough.  One  department  in  a  plant  would  make  money  and  the 
other  lose  it.  Various  attempts  were  made  in  the  past  to  form 
organizations  among  master  printers  to  control  prices,  which 
also    served    for    warfare    on    labor    unions." 

"The  real  constructive  idea  of  this  printers  trade  organization 
and  which  has  been  found  to  be  successful,  is  that  if  a  printer 
knows  his  cost  he  will  not  sell  his  product  for  less  than  its  cost 
and  therciby  he  does  not  become  an  unfair  competitor  to  his 
neighbor.  Therefor  nothing  is  said  or  done  in  the  matter  of  sales 
prices." 

Conclusion 

In  presenting  this  argument  more  attention  has  been  paid 
to  principles,  laws  and  economic  considerations  than  to  th^ 
methods  and  forms,  which  after  all  are  only  incidental  consider- 
ations. If  the  basis  is  right,  the  factors  having  to  do  with  gath- 
ering and  compiling  cost  data  are  easily  within  the  control  of 
any  competent  cost  accountant  or  accounting  organization. 

In  closing,  therefore,  let  me  repeat  that  a  cost  accounting 
plan  must  have  as  much  to  do  with  the  future  as  with  the 
present  or  past.  It  must  serve  the  production  and  sales  de- 
partments of  the  business  just  as  much  as  the  financial.  It 
must  know  as  much  about  what  should  be  done  as  what  is  be- 
ing done.  If  designed  to  give  due  consideration  to  the  factors 
enumerated  it  will  serve  you  well  in  this  day  of  keen  com- 
petition, tax  complications  and  labor  difficulties. 
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Report  of  the  A.  F.  A.  Committee 
on  Foundry  Costs 

During  the  year  since  the  last  report  of  your  committee 
on  foundry  costs,  showing  condition  of  work  done  and  financial 
status  up  to  Sept.  1,  1918,  the  work  has  been  prosecuted  vigor- 
ously. 

It  was  found  by  C.  E.  Knoeppel  &  Co.,  after  visiting  a 
number  of  the  subscribers'  plants,  that  some  changes  in  the 
method  of  presentation  would  be  advisable,  in  the  interest  of 
simplicity.  They  therefore  prepared  a  new  bulletin  to  super- 
sede the  original  one  and  at  a  meeting  of  your  committee,  March 
5,  1919,  the  new  presentation  was  passed  upon  and  accepted- 
After  duplication,  copies  were  mailed  to  all  subscribers  and 
all  were  requested  by  mail  to  thoroughly  digest  *:hem. 

During  July  an  itinerary  was  arranged  which  included  a 
number  of  revisits  to  plants  already  visited. 

Since  that  time  the  work  of  visiting  clients  has  progressed 
satisfactorily,  and  it  is  anticipated  that  by  the  end  of  the  cur- 
rent year  the  work  will  have  been  completed. 

Of  the  foundries  visited  90  per  cent  have  been  convinced 
and  have  agreed  to  go  ahead  with  the  installation  of  the  stand- 
ard system.  The  balance  have  agreed  and  will  go  ahead  ulti- 
mately. It  is  with  satisfaction  that  your  committee  reports 
this  condition. 

The  following  is  a  summary  of  work  done  and  to  be  done 
as  of  Sept.  5,  1919 : 

Foundries   visited    18 

Foundries    to    visit 57 

Foundries   not   heard    from 24 

Visits    not    desired 6 

Not    using    system 9 

Not    interested 9 

Out    of    bounds 3 

126 
62 
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A  number  of  requests  were  received  by  the  secretary 
inquiring  as  to  the  possibility  of  individuals  and  organizations 
getting  data  from  your  committee  for  similar  work  and  in  order 
to  discuss  this  phase  of  the  matter  thoroughly  a  meeting  was 
called  and  held  Sept.  3,  1919,  at  the  William  Penn  hotel,  Pitts- 
burgh, and  attended  by  Messrs.  A.  O.  Backert,  president  of  the 
association;  J.  Roy  Tanner,  chairman  of  your  committee;  H.  J. 
Koch,  C.  H.  Gale,  G.  D.  Piper  and  J.  P.  Jordan  of  the  C.  E. 
Knoeppel  Co. 

Report  to  be  Printed 

After  a  thorough  discussion  the  following  action  was 
taken:  "Moved  and  seconded,  that  this  committee  recommend 
that  the  cost  report  be  printed  and  made  part  of  the  proceedings 
of  the  association,  and  that  a  separate  volume  be  published  for 
wider  distribution  by  sale,  and  that  the  subscribers  who  have 
underwritten  the  system,  and  thus  performed  a  valuable  service 
to  the  industry, 'dedicate  their  work  to  the  industry  as  a  guide 
to  better  cost  keeping,  subject  to  variation  depending  upon  the 
size  of  plant  and  peculiarity  of  product." 

It  was  fully  understood  that  all  service  to  subscribers  would 
be  carried  out  as  agreed,  and  Mr.  Jordan  for  C.  E.  Knoeppel  & 
Co.  stated  that  that  company  would  waive  all  claims  for  royal- 
tics. 

In  making  this  recommendation  the  committee  recognizes 
that  some  of  its  members  had  ideas  slightly  at  variance  in  some 
of  the  details  of  allocating  overhead  to  weight,  or  time,  but 
in  general  the  principles  of  the  system  are  sound. 

It  is  requested  that  the  American  Foundrymen's  association 
take  such  action  as  will  enable  the  secretary  to  take  up  with  the 
subscribers  the  question  of  presenting  their  work  to  the  asso- 
ciation, and  also,  if  necessary,  to  authorize  the  inclusion  of  the 
system  in  the  proceedings  for  the  year  1920. 

We  will  thus  give  our  work  an  official  standing  which 
can  be  secured  only  through  the  approval  of  a  large  technical 
society,  and  which  will  be,  we  believe,  of  great  value  in  influenc- 
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ing  for  uniformity,  the  work  of  other  bodies  along  the  same 
lines. 

Data  on  the  financial  operations  of  the  cost  committee  are 
included  in  the  report  of  the  secretary-treasurer. 

C.     R.    Messinger, 

H.   J.   Koch, 

C.   H.   Gale, 

G.    D.    Piper. 

J.    Rov    Tanner,    Chairman, 


Discussion 

President  A.  O.  Backert. — The  cost  system  question  has 
been  before  the  members  of  the  association  for  several  years. 
The  cost  of  the  system  together  with  the  service  of  one  of  the 
cost  experts  to  visit  the  plants  of  the  subscribing  companies 
ranged  from  $50  to  $250.  Now  it  is  felt,  and  the 
members  of  the  cost  committee  are  of  the  opinion  that  the 
subscribers  to  that  system  have  done  pioneering  work  of  great 
value  to  the  foundry  industry  of  the  country;  that  foundr>'men 
generally  should  install  cost  systems  and  that  these  subscribers 
might  not  object  to  letting  the  entire  foundry  industry  have  the 
benefit  of  that  cost  system.  It  therefore  was  recommended  by 
the  cost  committee  that  this  cost  system  be  printed  in  the  bound 
volume  of  the  proceedings  and  also  be  printed  separately  in  book 
form  so  that  it  may  be  available  to  cost  clerks,  auditors,  etc., 
in  that  shape.  The  C.  E.  Knoeppel  Co.,  which  was  employed 
to  prepare  and  install  this  cost  system,  raised  no  objection  to 
it  whatever  and  agreed  to  waive  all  royalties.  It  is  the  recom- 
mendation of  this  cost  committee  that  the  cost  system  be  printed 
as  a  part  of  the  bound  volume  of  the  proceedings,  and  also 
he  printed  separately.  Before  doing  so,  however,  it  is  deemed 
advisable  to  ascertain  from  the  subscribers  just  exactly  how 
they  feel  about  it. 

Mr.  p.  H.  Gartlett. — I  make  that  motion. 

The  motion  was  seconded  by  Tom  Tannenbaum  and  car- 
ried. 
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In  presenting  this  revision  of  the  original  bulletin  on  the 
cost  accounting  system  no  attempt  is  made  to  provide  for  all 
possible  forms  used  in  handling  the  various  lines  of  routine  of 
the  geqeral  business  operations.  It  is  assumed  that  all  com- 
panies have  adequate  purchasing  and  commercial  accounting 
systems  which  would  bring  all  purchases  of  materials,  labor 
and  expense  items  to  certain  prescribed  ledger  accounts,  and 
that  adequate  invoicing  methods  are  in  vogue  for  sales.  Only 
such  documents  as  are  actually  necessary  for  the  accounting  of 
the  costs  will  be  mentioned  in  this  bulletin  in  order  to  simplify 
the  presentation. 

Plan  of  the  System 

The  plan  of  costs  shown  herewith  is  simple  and  is  briefly 
outlined  as  follows : 

The  scheme  really  consists  of  three  main  stages: 
First: 

The  proper  distributing  of  purchases  of  material,  labor  and  mis- 
cellaneous expense   items  to  certain  proper  control  accounts  sub- 
ject to  further  accounting  by  requisition,  time  cards,  etc.,  to  the 
proper  cost  accounts. 
Second: 

(a)  The  proper  accounting  of  the  use  of  materials,  labor,  etc., 
to  productive  and  expense  orders,  and  the  transfer  of  same  by 
summarized  monthly  journal  entries,  to  the  cost  control  accounts. 

(b)  Also  the  transfer  from  the  cost  accounts  of  metal  and 
overhead  accounts  of  the  proper  cost  amounts  at  predetermined 
rates  to  the  work  in  process  account  by  journal  entry. 

Third: 

The  compilation  of  costs  of  product,  which,  summarized  for 
the  month,  credit  the  work  in  process  and  charge  sales  cost  by 
journal    entries. 

Predetermined  Rates 

fjcfore  proceeding  further  it  should  be  perfectly  clearly 
defined  in  each  mind  the  meaning  of  ^'predetermined  rates." 

In  foundry  costing  particularly,  the  feature  of  predeter- 
mined rates  is  by  far  the  greatest  feature.  Metal  cost  must 
be  by  pound  of  metal  poured ;  molding  and  core  burden  by  per- 
centage on   direct  labor  by  each  department ;  finishing  cost  by 

65 
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percentage  on  molding  and  core  direct  labor  combined ;  anneal- 
ing cost  by  pound  on  good  castings,  etc.,  etc. 

But  even  though  we  find  the  actual  cost  of  each  of  the 
preceding  monthly,  it  is  absolutely  improper,  unfair  and  really 
impossible  to  use  the  actual  figures  of  any  one  month  or  small 
group  of  months  in  the  figuring  of  costs. 

Take,  for  instance,  the  cost  of  melting.  Last  month  we 
operated  smoothly  with  no  repairs  of  any  great  amount.  This 
month  quite  a  bit  of  brick  repairs  were  necessary.  Then  sup- 
pose that  next  month  something  went  wrong  with  the  blower 
and  we  had  a  very  heavy  cost  of  repairs  in  damages  done  the 
cupola.  In  open-hearth  furnaces  this  feature  is  very  pro- 
nounced, as  300  heats  may  slide  along  smoothly  and  then  start 
troubles  resulting  finally  in  a  complete  tear  down  to  the  check- 
ers.    Or  perhaps  even  the  checkers  are  plugged  up. 

The  same  applied  in  perhaps  less  extent  in  all  the  burden 
and  pound  cost  accounts. 

It  is  apparent,  therefore,  that  no  one  month's  cost  can 
fairly  be  taken.  Nor  even  a  small  group  of  months.  In  fact, 
to  be  nearest  safe,  the  average  of  a  complete  year  and  even 
more  should  be  taken  as  the  rate  to  be  used  in  both  estimates 
and  actual  costs,  for  each  of  the  divisions  mentioned  in  the 
second  paragraph. 

Bear  in  mind,  however,  that  the  actual  cost  of  each  rate  is 
found  each  month,  and  in  such  detail  that  steps  can  be  taken 
to  study  and  improve  the  operating  methods  in  order  to  make 
the  average  or  predetermined  rate  good.  In  fact,  the  constant 
goal  should  be  to  beat  it  and  make  money  by  so  doing. 

Arriving  at  Predetermined  Rates,  Burdens  and  Pound  Costs 
In  melting  cost,  molding  burden-direct  labor  and  all  such 
cost  accounts  distributed  by  percentage  and  pound  rates,  the 
basis  should  be  arrived  at  by  using  figures  of  expense  and  the 
basis  the  expense  is  figured  on  of  at  least  a  year's  operation. 
Of  course  in  starting  new,  this  will  be  difficult ;  but  this  should 
be  the  aim. 

Machine  Hour  Rates 
In    arriving   at   the   predetennined    rate   per   hour    of    the 
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molding  burden -machine  hour,  and  the  coremaking  burden-ma- 
chine hour,  a  little  different  procedure  holds.  Similarly  to  the 
preceding  accounts,  find  as  closely  as  possible  the  maintenance 
charges  covering  at  least  a  year  of  all  the  machines  the  time 
of  which  is  to  be  charged  for ;  that  is,  all  in  the  molding  depart- 
ment in  one  group,  and  all  in  the  core  in  another  group.  Then 
arrive  at  the  total  power  charge  for  each  group.  Finally, 
assemble  the  proper  depreciation  for  each  group.  All  three  of 
these  items  will  of  course  be  figured  by  each  machine  which 
enters  into  each  group. 

Next,  compute  the  total  machine  hours  possible,  which  is 
the  number  of  normal  working  hours  of  your  plant  times  the 
number  of  machines  in  each  group.  Then  take  85  per  cent  of 
the  total  possible  hours  in  each  group  as  the  basis  of  your  rate. 
Finally  divide  the  total  cost  for  the  period  by  the  85  per  cent  of 
total  possible  hours,  thereby  arriving  at  the  standard  rate  to  use. 

In  regular  monthly  working,  it  will  be  best  to  use  the 
actually  employed  machine  hours  as  the  basis  of  monthly  costs, 
as  shown  by  the  cost  statements. 

Cost  Plan  in  Greater  Detail 
In  more  detail,  the  cost  scheme  deals  with  the  subject  as 
follows :    The  headings  shown  being  those  which  appear  on  the 
cost  sheet  whereon  the  cost  of  a  casting  or  classes  figured. 

Direct  Labor  is  charged  to  production  orders  which  represent  either 
individual  patterns  or  classes  of  work.  This  labor  consists  only 
of  that  which  is  directly  chargeable  to  the  product  manufactured. 
All  other  labor  entering  into  pound  or  percentage  rates  is  classed 
as  indirect  labor. 

Metal  Cost  is  assembled  monthly  in  a  melting  cost  account.  This 
account  is  credited  with  the  actual  metal  poured  at  the  predeter- 
mined rate,  the  balance  showing  whether  operating  over  or  under 
the  proper  rate. 

Molding  Burden — Direct  labor  is  assembled  monthly  in  the  mold- 
ing burden  account,  which  account  is  credited  at  close  of  month 
with  the  amount  of  burden  represented  by  the  predetermined  per- 
centage of  the  actual  direct  molding  labor  for  the  month.  The 
balance  indicates  whether  operating  over  or  under  the  required 
rate. 

Molding  Burden-Machine  Hour  is  assembled  monthly  in  the  mold- 
ing burden-machine  hour  account,  and  is  credited  at  close  of 
month  with  the  amount  represented  by  the  actual  number  of 
machine  hours  consumed  for  its  month  on  productive  work  at  the 
predetermined  rate  per  hour.  This  predetermined  rate  is  designed 
to  be  figured  on  the  basis  of  a  long  average  cost  of  items  shown 
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in   the   detailed   directions    later,    divided   by  85    per    cent    of    the 

total   possible   machine  hour   of   the   equipment. 
The    balance    remaining    indicates    whether    operating    above    or 

below  the  required  rate. 
Core     Burden-Direct    Labor    is     assembled     monthly     and     is     treated 

same  as  molding  burden  except  that  core  direct  labor  is  the  basis 

for   percentage. 
Core    Burden-Machine    Hour   is    operated    for    machine    equipment    for 

core  department,  exactly  the  same  as  for  molding  department. 

^folding  Sand  Expense 

Flask  Expense— These  two  costs  will  in  most  cases  be  a  part  of  the 
molding  burden  and  arc  so  shown  here.  But  in  steel  plants  par- 
ticularly, they  may  be  treated  as  separate  costs,  and  are  so 
arranged  for  in  detailed  expense  classification.  If  so,  they  will 
be  entirely  eliminated  from  the  molding  burden,  and  a  separate 
cost  statement  made  for  each.  In  this  case  the  basis  of  prede- 
termined rate  for  molding  sand  will  be  metal  poured,  and  flask 
expense  will   be  on  basis   of  good  castings. 

Finishing  Cost  is  assembled  monthly  and  is  treated  same  as  mold- 
ing and  core  except  that  combined  molding  and  core  direct  labor 
is  the  basis  for  percentage. 

An  exception  to  this  is  in  plants  large  enough  to  treat  direct 
operations  in  this  department  as  direct  labor,  in  which  case  its 
own  direct  labor  charged  to  production  orders  will  become  the 
basis  for  distribution  of  its  burden,  same  as  in  molding  and  core 
departments. 

Annealing  Cost  is  assembled  monthly  in  an  account  of  same  name, 
which  account  is  credited  with  amount  represented  by  number  of 
pounds  good  castings  at  the  predetermined  rate  per  pound.  The 
balance  indicates  whether  operating  over  or  under  the  required  rate. 
It  might  be  stated  here  that  the  real  correct  basis  for  this  cost 
should  be  the  weights  of  castings  annealed  rather  than  the  basis 
of  total  good  castings  produced.  Those  who  will  tally  the*  cast- 
ings annealed  will  get  far  more  accurate  costs  by  so  doing,  as  this 
eliminates  castings  not  annealed  artd  brings  in  castings  re-annealed 
as  is  often  the  case. 

Actual  Cost  Sheet  (also  as  estimate  sheet).  In  order  to  assist 
in  understanding  the  details  following,  it  is  suggested  that  at  this 
point,  immediately  after  reading  the  preceding  pages,  a  study  be 
made  of  the  actual  cost  sheet  data  shown  under  Section  V,  "Cost 
Compilation."  This  will  aid  very  much  in  understanding  the 
details  leading  up  to  the  costs  and  cost  statements  as  shown. 

Form  of  Presentation 

The  presentation  of  the  methods  following  is  divided  into 

sections,  each  section  rei)resenting  a  particular  phase. 

Section         I — Material    Routine    Pages    69  to  70 

Section       II— Labor    Routine    Pages    71  to  73 

Section      III — Expense    Routine     Pages    74  to  89 

Section      IV — Production    Routine    Page      90 

Section        V — Cost    Compilation     Pages    91  to  113 

Section      VI — Journal    Entries     Pages  114  to  118 

Section    VII — Plant    Investment    Classification Page    119 

Section  VIII—  Depreciation     Pagres  120  to  123 

Section      IX — General    Ledger    Accounts Pages  124  to  140 
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SECTION   I 

MATERIAL  ROUTINE 

Material  accounting  presents  no  particular  difficulties  due, 

probably,  to  the  fact  that  it  deals  with  tangible  things  and  that 

practically  all  transactions  are  directly  traceable  as  used  for  a 

particular  purpose  or  as  benefiting  a  particular  department. 

The  material  forms  principally  required  for  costkeeping 
purposes  are: 

1.  Stock  ledger  (card  or  sheet). 

2.  Material  requisition. 

3.  Material  credit  memorandum. 

1.  Stock  Ledger — ^The  stock  ledger  should  be  a  complete 
record  of  each  item  of  material  showing  quantity  required, 
ordered,  received  and  issued,  and  the  unit  and  total  value  of 
such  material. 

Material  accounts  should  be  maintained  in  the  general 
ledger  representing  at  closing  periods  the  value  of  materials  on 
hand  supported  by  the  details  of  the  stock  ledger  sheets  or 
cards,  which  form  a  detailed  analysis  of  each  control  account. 

2.  Material  Requisitions — Material  withdrawn  from  stock 
must  be  accounted  for  in  the  following  manner,  all  requisitions, 
etc.,  showing  clearly  the  use  of,  and  order  number  chargeable 
with  the  materials  used: 

Melting  Materials — Cupola  or  Furnace  Reports 
The  furnace  or  cupola  reports,  made  out  daily  by  the  weigher  or 
storeskeeper,  give  the  quantity  and  kind  of  melting  and  fuel  materials 
used,  and  the  account  numbers  to  be  charged.  From  these  reports 
the  stores  ledger  is  posted  and  the  unit  prices  thereon  are  noted 
on  the  furnace  reports  and  the  amounts  derived. 

The  furnace  reports  may  then  be  sent  to  the  cost  department  to 
serve  as  the  basis  for  the  charges,  each  month,  to  the  expense  accounts 
involved,  or  instead,  classified  material  requisitions  may  be  made  up 
monthly  and   sent  to   the  cost  department. 

Miscellaneous  Materials 
All  material  not  included  on  the  furnace  report  should  be  the  sub- 
ject of  a  material  requisition  made  out  at  the  time  of  withdrawal  of 
material  from  stock.  The  course  of  the  material  requisition  is  as 
outlined  above.  The  disposition  of  the  requisition  and  the  charges 
it  carries  will  be  treated  of  presently. 

Recovered  Material 
Recoveries  of  over-iron,  shot,  spills,  etc.,  should  be  shown  on  the 
daily  cupola  or  furnace  report. 
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3.  Material  Credit  Memoranda — Material  credit  mem- 
oranda simply  reverse  the  charge  made  on  material  requisitions 
and  represent  unused  material  being  returned  to  stock  for 
which  corresponding  credit  must  be  given. 

Note: — As  far  as  possible  all  material  should  be  kept  in  a  neat 
orderly  manner  in  well  regulated  stock  rooms.  Otherwise,  it  is  exceed- 
ingly difficult  to  enforce  requisition  regulations. 

Also  all  issuances  of  material  should  be  accounted  for  with  accu- 
racy. Pig  iron,  scrap,  and  all  materials  should  be  carefully  weighed; 
it  is  little  use  to  run  a  cost  method  on  guessed  quantities. 

Entering,  Pricing  and  Recapping  Requisitions,  Etc. 

As  requisitions  for  materials  used  are  received  by  cost 
department,  they  will  be  entered  on  stock  ledger,  and  priced 
and  extended  at  the  unit  values  shown  on  stock  ledger. 

Before  filing  under  order  numbers,  the  requisitions  repre- 
senting material  drawn  from  each  separate  material  control 
account  should  be  added  each  day,  and  the  total  withdrawals 
for  each  control  account  entered  on  an  accumulation  sheet  to 
run  for  the  current  month.  The  totals  for  the  month  of  this 
accumulation  sheet  become  the  credits  to  the  material  control 
accounts  in  the  monthly  journal  entry  of  distribution  of  mate- 
rials. The  debits  of  this  entry  are  to  the  various  expense 
accounts  as  described  later. 

Expense  Ledger  Charge  Slips 
Under  "Expense  Routine"  is  described  in  greater  detail  the 
use  of  the  expense  ledger  charge  slip,  which  in  a  large  measure 
is  like  a  material  requisition,  except  that  it  charges  material 
or  service  charges  direct  from  the  purchase  entry  to  the  expense 
accotmts.  This  covers  a  large  class  of  charges  of  intangible 
and  evasive  nature  which  are  not  properly  or  safely  run  through 
regular  stock  material  accounts  subject  to  requisition. 
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SECTION    II 
LABOR  ROUTINE 

Labor  accounting  has  two  main  elements — ^payroll  com- 
pilation and  labor  distribution.  Payroll  compilation  is  com- 
paratively simple,  if  the  time  has  been  correctly  reported  and 
recorded.  Payroll  compilation  is  merely  the  weekly  summariz- 
ing of  the  wages  earned  by  each  employe  daily.  Labor  distri- 
bution is  the  correct  apportionment  of  wages  against  produc- 
tion orders  or  classes  (direct  labor)  or  expense  accounts  (indi- 
rect labor).  The  chief  difficulty  is  in  the  incorrect  reporting 
of  applied  time  by  the  men,  faulty  counting  or  reporting  by 
the  inspectors,  incorrect  scale  reports  and  clerical  errors  by 
the  timekeepers.  As  many  safeguards  as  practicable  should  be 
adopted  to  insure  the  correct  reporting  of  time,  accurate  count- 
ing and  inspection  reports  and  accurate  clerical  operation  in  the 
transcription  of  data. 

ITie  labor  forms  principally  required  for  cost  keeping 
purposes  are: 

\,     Daily  time  ticket. 

2.    Payroll  sheet. 

L  Daily  Time  Tickets — The  time  tickets  should  be  used 
to  report  the  time  spent  on  the  various  kinds  of  work  per- 
formed. Only  one  job,  either  direct  or  indirect,  should  be  on 
one  time  ticket.  This  is  so  that  the  time  ticket  may  be  filed 
under  its  order  number,  whereby  the  actual  original  entry 
becomes  our  cost  entry. 

The  time  tickets  should  provide  the  following  informa- 
tion: 

Order  number,  pattern  number,  name  of  operation  or  woric 
performed,  machine  number  on  which  work  performed,  quantity 
completed,  piece  or  hourly  rate,  elapsed  time,  wages  earned, 
man  number,  and  date. 

In  keeping  time  it  should  and  must  be  verified  daily  that 
the  total  time  represented  by  the  time  tickets  agrees  absolutely 
with  that  shown  by  the  in-and-out  clock  cards  rung  by  each 
man,  which  usually  are  the  regular  weekly  card. 
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The  daily  time  tickets  are  filed  by  order  numbers  after 
entry  on  payroll  as  described  immediately  following : 

2.  Pay  Roll  Sheet — The  pay  roll  sheet,  a  weekly  sheet 
for  each  man,  should  perform  two  functions: 

First: — Collate  the  pay  of  each  man  for  week. 

Second: — So  enter  the  time  cards,  that  a  controlling  distribution  is  made 
as  between  direct  and  indirect  labor  for  the  purpose  of 

(a)  In  the  case  of   direct  labor,  give   us   the  amount   for  each 

department  as  the  basis  of  our  journal  entry,  and 

(b)  In  the  case  of  indirect  labor  to  give  us  a  total  which  must 

be  equalled  by  the  total  of  the  indirect  labor  in  the  vari- 
ous monthly  expense  and  burden  statements  as  explained 
later,  and  which  will  complete  the  journal  entry  of  the 
distribution  of  labor. 

The  pay  roll  sheet,  therefore,  should  be  so  arranged  as  to 
have  columns  approximately  as  follows: 

Day  of  month 

Slip  number 

Order  Number 

Direct   labor    (main   heading) 

Hours 

Amount 

Indirect  labor    (main  heading) 

Hours 

,  Amount 

Total    (main  heading) 

Hours 

Amount 

Additions  of  bonus,  etc.,  or  deductions  of  any  nature  will 
be  made  at  close  of  week  at  bottom  of  sheet. 

***** 

It  is  important  to  fully  understand  at  this  point  that  direct 
labor  is  only  that  which  may  be  directly  charged  to  the  product 
being  manufactured — such  as  molding  and  coremaking  labor. 
In  some  large  foundries,  especially  steel,  the  finishing  opera- 
tions of  chipping,  grinding  and  the  like  may  better  be  handled 
as  direct  labor,  but  never  where  only  part  of  it  can  be  charged 
directly  to  the  product  Melting  and  annealing  labor  and  the  like 
are  only  chargeable  to  the  product  through  a  pound  or  per- 
centage method;  therefore,  this  class  of  labor  can  only  be 
classed  as  indirect  labor. 
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Labor  Distribution 

As  stated  before,  the  distribution  as  between  direct  and 
indirect  becomes  our  most  valuable  control  of  further  entries. 
The  making  up  of  the  expense  and  cost  accounts  described  in 
Section  III  depend  on  the  totals  as  shown  herewith  for  proof 
of  accuracy. 

There  being  a  pay  roll  sheet  for  each  man  for  each  week 
ive  have  three  points  to  handle  to  arrive  at  our  proper  results: 

First: — To  arrive  at  total  plant  pay  roll,  add  by  adding  machine  (or 
draw  off  on  recap  sheet)  for  the  week : 

(a)  Total  direct  labor. 

(b)  Total   indirect  labor. 

(c)  Total  pay  for  week. 

This  should  be  done  by  producing  departments  (melting,  mold- 
ing, core.  etc.).  This  gives  us  the  direct  labor  for  the  depart- 
ments where  same  applies  for  the  week  covered  by  the  pay  roll. 

Second: — ^Where  a  week  straddles  the  end  of  a  month,  the  pay  roll 
sheet  of  each  man  has  to  be  sub-totaled  or  split,  in  order  to  arrive 
at  the  actual  earned  pay  roll  for  the  days  belonging  in  each 
separate  month. 

Third: — The  totals  of  direct,  indirect  and  total  pay  for  each  week  and 
portion  of  week,  for  each  given  month  must  be  recapped,  which 
then  gives  us  the  monthly  totals  of  each,  separated  into  each 
producing  department. 

We  now  have  our  control  figures  of  direct,  indirect  and 
total  earnings  for  the  month.  The  total  direct  for  each  depart- 
ment is  our  basis  for  transfer  from  pay  roll  account  to  work  in 
process,  and  also  the  basis  for  crediting  the  operating  burden 
accounts  with  the  proper  amount  of  burden  for  each  department 
at  the  predetermined  rates  used,  charging  work  in  process. 
(See  journal  entries.) 
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SECTION    III 
EXPENSE  ROUTINE 

Expense  accounting  deals  with  those  disbursements  which 
contribute  to  and  are  necessary  in  connection  with  the  produc- 
tion of  salable  merchandise  but  which  are  not  apjparent  or 
directly  traceable  in  the  finished  product;  includes  labor  per- 
formed not  directly  traceable  on  the  finished  articles;  includes 
expense  materials  consumed  in  the  processes  of  production  > 
includes  all  expenditures  for  maintenance  of  property,  buildings 
and  equipment;  also  small  tools  and  supplies,  insurance,  taxes, 
depreciation,  power,  heat  and  light. 

On  account  of  the  fact  that  the  indirect  costs  are  applicable 
to  the  cost  of  the  product  in  various  ways,  a  brief  explanation 
of  same  is  here  made : 

Melting  Cost  is  distributed  on  the  basis  of  cost  per  pound  of  metal 
poured.    It  is  evident  that  the  quantity  of  metal  used  in  pouring 
a  mold,  including  the  casting  itself  and  all  sprue  is  the  correct 
basis  of  the  charge — at  the  pound  rate — ^to  that  casting. 
Molding  Burden-Direct  Labor  is  distributed  by  percentage  on  the  direct 
molding  labor,  this  being  the  most  generally  accepted  manner  of 
distributing  this  expense. 
Molding   Burden-Machine   Hour   is   distributed   on    the   basis   of   pre- 
determined cost  per  hour,  it  being  the  natural  method  to  charge 
for  the  use  of  machine  equipment  on  the  basis  of  the  time  it  is 
used. 
Core  Burden-Direct   Labor   is   on   same   basis   as   molding   except,    of 

course,  being  on  direct  coremaking  labor. 
Core    Burden-Machine    Hour — Same    idea    as    in    molding. 
Molding   Sand   Expense    (if    used    separately    from    being   a   part    of 
molding  burden)    is   distributed   on   the  basis   of   metal   poured. 
This  is  on  account  of  the  fact  that  the  contact  of  metal  is  the 
regulating  factor  of  destruction  of  sand,  therefore  total  poured  is 
the  basis. 
Flask  Expense   (if  used)   is  on  the  basis  of  cost  per  pound  of  good 

castings  produced. 
Finishing  Cost  is  distributed  on  basis  of  molding  and  core  direct 
labor  combined  for  the  reason  that  molding  direct  labor  repre- 
sents the  "outside"  and  the  core  direct  labor  the  "inside"  work 
necessary  to  properly  clean  the  casting.  This  therefore,  allocates 
greater  finishing  expense  to  cored  castings  as  is  proper. 
Annealing  Cost  is  distributed  on  basis  of  good  castings,  as  there 
is  the  existing  record  of  such  basis.  However,  if  one  will,  the 
even  more  correct  basis  should  be  that  of  castings  actually  an- 
nealed, although  the  basis  of  good  castings  is  near  enough  cor- 
rect in  the  majority  of  cases. 

:|c       :|e       :|e       :|e       :|e       :|e 
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The  preceding  appear  in  the  compilation  of  any  casting  or 
class  plant  cost.  The  following  are  expenses  which,  after 
being  collected  are  apportioned  or  split  down  to  the  operating 
expense  accounts. 

Apportioned  Expanses 

Power,  Light  and  Heat  Expense  is  apportioned  to  the  various  operat- 
ing expense  and  burden  accounts  on  the  best  basis  possible  as 
representing  the  actual  benefit  received  by  each  department 
Metered  consumption  is  of  course  best;  estimates  on  basis  of 
horsepower  of  motors,  wattage  of  lamps  for  light  charges,  floor 
space  for  heating,  etc.,  are  next  best,  and  the  usual  way. 

Pattern  Expenses  are  apportioned  to  the  molding  and  core  burden 
accounts  on  the  basis  of  actual  benefits  received  as  explained  in 
the  detail  directions. 

General  Expense  is  apportioned  to  the  operation  expense  and  burden 
accounts  on  the  basis  of  the  total  labor  cost,  direct  and  indirect, 
of  each  operating  department.  For  instance,  the  total  direct  labor 
plus  the  total  indirect  labor  charged  to  expense  orders  in  the 
molding  department  would  be  its  basis;  i.  e.,  such  a  per  cent  of 
the  general  expense  as  its  cost  is  of  the  total  of  all  the  depart- 
ments. 

Miscellaneous  Items  are  apportioned  to  the  operating  expense  and  bur- 
den accounts  according  to  the  nature  of  the  item.  (See  under 
Group  8  following.) 

All  possible  expense  should  be  charged  directly  to  one  of 
the  operating  expense  or  burden  accounts.  Where  impossible 
the  general  expense,  power  light  and  heat  expense,  etc.,  are  to 
be  used. 

The  items  enteringv  into  each  of  the  operating  expense  and 
burden  accounts,  and  into  the  general  accounts  are  clearly 
shown  in  the  following  pages.  All  charges  come  from  time 
tickets,  requisitions,  etc.,  all  of  which  must  bear  the  expense 
code  order  number  to  which  they  belong. 

Certain  charges  which  are  best  made  directly  from  the  entry 
of  a  purchase  are  handled  by  the  expense  ledger  charge  slip, 
which  shows  date,  account  charged,  amount  of  charge,  date  of 
invoice  and  description  of  what  is  charged.  An  invoice  for 
such  material  is  charged  in  the  purchase  register  to  "expense 
ledger  account,"  showing  therewith  the  proper  expense  order 
number.  An  expense  ledger  charge  slip  is  made  out  at  same 
time,  which  slip  is  same  size  as  material  requisition.  This  slip 
is  sent  to  cost  department,  who  file  same  with  proper  order  num 
ber  same  as  a  requisition.      When  costs  are  figured  for  month,  f 
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total  of  the  expense  ledger  charge  slips  appearing  in  the  various 
cost  statements  must  equal  the  total  of  the  expense  ledger  col- 
umn in  the  purchase  register  for  the  same  month.  This  is 
explained  further  under  **Cost  Compilation." 

If  any  foundry  installing  their  methods  are  only  a  unit 
of  a  larger  business,  some  method  will  necessarily  be  required 
to  get  charges  for  service  to  the  foundry  accounts  in  a  manner 
to  be  checked  up  in  some  such  manner  as  if  the  foundry  depart- 
ment were  a  separate  business. 

Expense  and  Burden  Accounts 

In  order  to  have  an  analysis  of  what  makes  up  each 
expense  and  burden  account  for  purposes  of  constant  check 
on  the  expenditures  of  money,  there  follows  a  set  of  analytical 
expense  orders,  grouped  in  the  necessary  divisions  for  cost 
figuring. 

The  items  shown  may  be  changed  to  suit  any  plant;  may 
be  increased  or  decreased  in  number;  but  under  no  circum- 
stances should  any  foundry  attempt  to  do  business  without  a 
fairly  complete  analysis  along  the  lines  shown. 

These  expenses  are  grouped  as  has  been  previously  shown. 

but  for  reference  arc  as   follows: 

Group    1 — Melting   Cost    Pages  76  to  78 

Group    2 — Molding  Burden — Direct  Labor Pages  78  to  80 

Group    3 — Molding   Burden — Machine    Hour Page    80 

Group    A — Core   Burden — Direct   Labor .Pages  80  to  82 

Group    S^Core    Burden — Machine    Hour Page    82 

Group    6 — Finishing  Cost    Pages  82  to  84 

Group    7 — Annealing   Cost    Page    84 

Group    8 — Apportioned   Expenses    Pages  84  to  85 

(a)  Power,   Light  and   Heat Pages  85  to  86 

(b)  Pattern    Expenses    Pages  86  to  87 

(c)  General    Expense    Pages  87  to  88 

(d)  Miscellaneous    Items    Pages  84  to  85 

Group    9 — Administrative   Expense    . . ." Page    8^ 

Group  10 — Selling    Expense    Page    89 

UBOR  MELTING  EXPENSES  GROUP  1 

lOl-4i*OR0MBN  AND  ASSISTANTS. 

All  amouDts  paid  for  senices  of  general  or  supervisine  foreman. 
102— TIMEKEEPCBS  AND  OTHKR  CLERKS. 

Salaries   or  wages   of   timekeepers   or  other   clerks    located    in    this    department;   includes. 

also,   prorata   amount   of   salaries    or   wages   paid    to    timekeepers    or   other    clerks   serving 

this  and  another  department. 
lOS— UNLOADLNG  MELTING  MATERIALS. 

Wages  paid  for  imloading  cars  or  boats  containing  melting  materials   if  a  short  term  or 

normal   supply.     If   exceptional  quantities   are   obtained   for   long   term   storage,    the   labor 


Digitized  by  VjOO^ IC 


Cost  Accounting  System  77 

expeiisr   should   be   added   to   the   Invoice   cost    as   are    freight   charges    and    disbursements 

rfaaifed  accordhigly. 
104— crPOU\  OR  FURNACE  LOADERS. 

Wages  paid  men  for  loading  cupolas  and  oil  furnaces  and  open-hearth  steel  furnaces,  also 

melteis  at  small  pots  for  making  crucible  steel. 
105- ELEVATOR  AND  CRANEMEN. 

Wages    paid    for    operating    elerators    and    cranes    in    connection    with    handling    melting 

materials. 
106— BREAKLNG  SCRAP. 

Wages   paid    for  breaking   up   scrap    or   otherwise    preparing   scrap    for   use    in    cupola    or 

furnace. 
107- HANDLING  SLAG. 

Wages  paid  for  handlhig  and  removal  of  slag,  collecting  wer-lron,  shot,   spills,  etc. 
108— TKSTLNG  MATERIALS  AND  PRODUCT. 

All  amounts  paid  kboratory  employes  engaged   in  analysis  and   test  of  melting   materials 

add  foundry  product. 
109— MELTLNG  MATERIALS  STORES  LABOR. 

Wages  of  men  engaged  In  moring  melting  materials  from  storage  areas  to  charging  plat- 
form, exceptUig  services  of  elevator  and  crane  men. 
no— SICKNESS  AND  ACCIDENT  REUEF. 

Wages  paid  to  emphiyes  absent  on  account  of  sickness  or  accident.     Allowance   must   be 

approved  by  Superintendent. 
Ill— GENERAL  LABOR. 

Wages  paid  to  miscellaneous  general  labor  not  provided   for   in  this  classlflcation. 

112— 

113— 

MAINTENANCE  OF   PROPERTY. 
121— BUILDINGS. 

Labor  and  material  used  in  repairing  or  parthUly  renewhig  buildings  or  stnictures. 
122— CUP0L.\8  OR  FURNACES. 

Labor  and   material  used   in   repairing   or   partially   renewing   cupolas   and   furnaces;    also 

their  equipment  for  draft  and  circulation  of  air,  as  well   as   foundations. 
123— C0.NVERTER8. 

Labor  and   material  used   in   repairing  or  partially   renewing   converters. 
124— ELEVATORS.   CRANES  AND  CONVEYORS. 

Labor  and   material   used   in   repairing  or   partially   renewing   elevators,    cranes,    conveyors. 

transfer  tables,  etc. 
125— ELECTRICAL  APPARATUS. 

Labor  and  material  used  hi   repairing  or  partially  renewing   nil  electrical   apparatus. 
126— PIPE  AND  POWER  LINES. 

Labor   and    material    UMd    in    repairing    or    partially    renewing    all    piping,    plumbhig    and 

electrical   whing   inside  of  buildhigs,   including   drainage   and   sewer   pipes,   water,    gas,   air 

and    oil    pipes    and    their    fittings;    cables    and    wires    for    power    and    lighting    circuits. 

including  wiring  devices. 
127— PLAWt)RM  AND  STAIRWAYS. 

Labor  and  material  used  in  repairint;  or  partially  renewing  charging  platform  and  stairway. 

128— 

129— 

130— 

SUPPLIES 
141— ALUMINUM. 
142-   BRICK. 
143— iLAY. 
144— COKE. 
14S— ELECTRODES. 
146— FUEL  OIL. 
147— LIME. 
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148^LIMBSTONE. 

Self-explanatory. 
149— LINING  MATERIALS. 

All  miscellaneous  lining  materials  used  in  the  upkeep  of  ladlei,  stoppers,  spouts,  eta 
160— SAND. 

Self-explanatory. 
151— MISCELLANEOUS  SUPPLIES. 

Miscellaneous  materials  not  otherwise  provided  for  in  this  classification. 
152— LABORATORY  EXPENSE.  ^" 

Expenditures  in  connection  with  the  laboratory   other   than   salaries   or  wages   which   are 

chargeable  to  Account  No.   108. 

153— 

154— 

155— 

MOLDING    BURDEN— DIRECT   UBOR  GROUP  2 

UBOR 

201— FOREMEN  AND  ASSISTANTS. 

All  amounts  paid  for  senrices  of  general  or  supervising  foremen. 
202— TIMEKEEPERS  AND  OTHER  CLERKS. 

Salaries   or  wages   of  timekeepers   or  other  clerks    located   In   this   department:   includes, 

also   prorata   amount   of   salaries   paid   to   timekeepers    or   other   clerks    serving    this    and 

another  department. 
203— CUTTING  SAND  AND  PREPARING  FLOORS. 

Wages  paid  for  cutting  sand  and  otherwise  preparing  the  floors  for  molders. 
204— CLOSING  AND  CLAMPING  MOLDS. 

Wages  paid  for  all  labor  engaged  in  closing  and  clamping  molds. 
205— DRYL\G  MOLDS. 

Wages  of  men  operating  drying   ovens  in  connection  with   dry  sand  molding,   both   IMng 

the  ovens  and  dryfaig  the  sand. 
206— RUNNER  CUPS. 

Wages  of  men  engaged  in  making  runner  cups  or  boxes. 
207— BROKEN  MOLDS. 

Wages  of  men  engaged  in  repairing  and  finishing  broken  molds. 
208— CARRYING  PATTERNS  AND  FLASKS. 

Wages  of  men  engaged  in  carrying  patterns  and  flasks  to  and  from  storage. 
209— POURING. 

Wages  of  men  engaged  in  work  of  pouring. 
210— SHAKING  OUT. 

Wages  of  men  engaged  hi  shaking  out  castings. 
211— TAKING  OUT  REFUSE  AND  SCRAP. 

Amounts  paid  for  taking  out  and  disposing  of  refuse  and  delivery  of  scrap. 
212— CLEANING  AND  SWEEPING. 

Amounts  paid  for  serrices  in  sweeping,  raking  or  otherwise  cleaning  the  department. 
213— CRANE  OPERATOR. 

Wages  paid  for  services  of  cranemen  in  the  department  operations. 
214— IDLE  TIME. 

Wages   paid   men   for  idle  or  unapplied   time,   and   reason   for   the    charge   must   always 

be  given.     Does  not  include  allowances  for  sickne^  or  accident. 
215— SICKNESS  AND  ACCIDENT  RELIEF. 

Wages  paid  to  employes  absent  on  account  of  sickness  or  accident.     AUowances  must  be 

approved  by  the  Superintendent. 
216— PATTERN  STORAGE  LABOR. 

Wages  of  men  engaged  in  receiving,  storing  and  laying  out  patterns  and  core-boxes. 
217— EXPENSE  DUB  TO  ERRORS  AND   DEFECTS. 

Expenses  or  losses  due  to  errors  of  department  employes   wheth<»r  mechanical  or  clerical. 

as  for  example;  breakage,  spoilage,  misplacement  or  careless  shop  work  of  any  kind. 
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218— GENERAL  LABOB. 

Wages  paid  to  misceUiineous  general  labor  not  provided  for  io  this  dassiflcatioD. 

21»— 

220— 

MAINTENANCE  AND   SUPPLIES. 
221— BUILDINGS. 

Labor  and  naterial  used  ki  repairing   or  partially   renewing  buildings  or  structures. 
222— MOLDING  MACHINES.     (Omft  if  Machine  Rate  used.) 

Labor  and  materials  used  In  repairing  or  partially  renewing  all  molding  machines  other 
than  jarring. 
22a-^ARRING  MACHLNBS.     (Omit  if  Machine  Rate  used.) 

Labor  and  material  used  in  repairing  or  partially  renewing  all  Jarring  machines. 
224— AIR  HOISTS. 

Labor  and  material  used  in  repairing  or  partially  renewing  all  air  hoists. 
22S— CRANES. 

Labor  and  material  used  in  repairing  or  partially  renewing  all  cranes. 
22e— ELECTRICAL  APPARATUS. 

Labor  and  material  used  in  repairing  or  partially  renewing  all  electrical  apparatus. 
227— SHOP  FIXTURES. 

Labor   and   materiaJ   used    In   repairing   or    partially    renewhig    all    shop    fixtures   such    as 
benches,  racks,  bins,  lockers,  railings,  etc 
228— PIPE  AND  POWER  LINES. 

Labor   and   material   used    In   repairing   or   partially    renewing   all    piping,    plumbing,    and 
electric  wiring   inside   of  buildings,   including   drainage   and   sewer   pipes,   water,   gas,   air 
and  oil  pipes  and  their  fittings;  cables  and  wires  for  power  and  lighting  circuits,  includ- 
ing wiring  devices. 
229— SMALL  TOOLS. 

Labor  and   material   used  In   repairing   or  partially   renewing   all   small   tools   within   the 
department  which  have  a  comparatively  long   term  of  usefulness;  such  as  portable  pneu- 
matic   rammers,    chain    hoists,    screw    or   hydraulic    jacks,    hand    trucks,    chain    and    rope 
tackled,  etc. 
230— GAG<%RS,  CHILLS,   CHAPLETS  AND  BOLTS. 
231— NAOS. 
232— LAMP  BULBS. 

Names  of  supplies— self  explanatory. 
233— PATTERNS. 

Labor  and  material  used  In  the  alteration  and  repair  of  patterns  shall  be   accumulated 
under  Account  702  and  shall  be  transferred  monthly  to  this  account.     Account  702  Is  a 
memorandum  account  only  to  be  used  as  a  basis  in  the  apportionment  of  the  Pattern 
Department  expenses  as  described  under  account  702. 
234— MOLDING  SAND  EXPENSE. 

Erpeoses  in  connection  with  molding  sand  cost  are  such  an  important  element  in  the 
operating  of  the  Molding  Department  that  provision  Is  made  herein  for  the  directly 
traceable  factors  of  molding  sand  cost  which  may  be  summarized  as  a  separate  schedule, 
if  desirable,  and  so  reported. 

The  following  sub-accounts  shall  be  used: 
234—1    MOLDING   SAND. 

Cost  of   molding   sand   used   during   the    month    (ie.    invoke   price   plus   trios' 
portatloo  charges) 
234—2    UNLOADLNG  MOLDING  SAND. 

Wages  paid  for  unloading  cars  or  boats  containing  molding  sand  If  a  short  term 
or  normal  supply.     If  exceptional  quantities  are  obtained  for  long  term  storage, 
the  labor  expense  Aould  be  added  to  the  Invoice  cost  as  are  freight  charges  and 
disbursement  charged  accordingly. 
224—3    MIXING  MOLDING  SAND. 

Wages  of  men  engaged  in  mixing  molding  sand  including  preparation  and  wheeling. 
'234—4    MAINTENANCE  OF  MIXERS. 

Ubor  and  material  used  in  repairing  or  partially  renewing  sand  misers. 
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234—5     MISCELLANEOUS  SUPPLIES. 

All  incidental  and  mlsceUaneoiM  supplies  not  olbcrwtse  provided  for  in  this  daisi- 

flcatlon. 
234— G     MISCELLANEOUS   EXPENSES. 

All    other    incidental    and    miscellaneous    disbursements    not    provided    for    in    this 

rlasslflcation. 

Molding  sand   cost,   if   reported   as   a   separate   factor,    should   be   liquidated    at    a 

cost   per  pound   of  met«I   poured,   or,   else.    Included    In    the    departmental    burden 

and  those  combined  in  the  departmental  percentage  on  dfrect   labor. 

2:J5     FL.\8K8. 

Expenses    in    connection    with    flask    cost    are    also    such    an    important    element    in    the 
ope.-atire;    of    the    molding    department    that    provision    Is    made    herein    for    the    directly 
traceable    factors    of    flask    cost    which    may    be    summarized    as    a    separate    schedule,    If 
desirable,  and  so  reponed.     The  following  sub-accounts  shall  be  used: 
2a.V   1     WOOD  FLASKS  AND  BOITOM   BOARDS. 

Ubor  and  material  used  hi  making  (unless  for  special  orders)  repairing  or  rephic- 
ing  wood  flasks  or  bottom  boards  shall  be  accumulated  under  Account  704  and 
shall  be  transferred  to  this  account.  Account  704  is  a  memorandum  account  only 
to  be  used  as  a  baste  In  the  apportionment  of  the  pattern  department  expenses 
as  described  under  Account  704. 
235—2     SNAP   FLASKS   AND  JACKETS. 

Labor  and  material  used  In  repairing  or  partially  renewing  snap  flasks  and  making 
new  or  replaciiig  old  wood  jackets  sliail  be  accumulated  imder  Account  705  and 
shall  be  transferred  to  thte  account.  Account  705  is  a  memorandum  arcomt  only 
to  be  used  as  a  basis  hi  the  apportionment  of  the  pattern  department  expenses 
as  described  under  Account  705. 
235-3     METAL  FLASKS. 

Labor  and  material  used  in  repairing  or  partially  renewing  all  metal   fliskx. 
235—4     FLASK   PLATCS. 

Labor  and  material  used   hi  repah^ing  or  partially  renewinit  all   flijik   nJates. 

236  NOVDURABLE  TOOLS. 

Cost  of  repairing  and  renewing  all  tools  a>td  equipment  of  a  nondwable  nature  and 
classed  as  a  miscellaneous  shop  supply.  This  account  is  Intended  to  corer  mainly  Ihne 
classes  of  portable  tools  which  are  short  lived  and  comparatively  inexpensU-e.  Ail  current 
expenditures  for  non-durable  tools  should  be  distributed  to  this  account  wtiether  such 
expenditures  represent  initial  cost  of  additions  or  replacements  of  the  nondurable  tool 
equipment. 

237  -METAL  ARBORS  AND  CORF^. 

Labor  and   materhtl   used   in   repairing   or  partially   renewing   all    metal    iiritors    and    cores. 

238  MISCELLANEOUS   SUPPLIES   AND   EXPENSES. 

Incidental  and  miscellaneous  disbursements  not  otherwise  prmlded  for  In  th  s  «'Ia.s!iittratioii. 

230— 

240— 

MOLDING    BURDEN—MACHINE    HOUR  GROUP  3. 

251— .MAI.VTENANCE   OF   MOLDING   MACHINE.*^ 

Labor   and    material    used    in    repalrhig   or    partially    reneulng    all    molding    machines    other 

than  Jarring  machbies. 
252— MAINTENANCE   OF   JARRING  MACHLVES. 

Labor  and  material  used  in  repairing  Jarring  machines. 

COREMAKING    BURDEN— DIRECT    UBOR.  GROUP  4. 

LABOR. 
301— FOREMEN    AND    ASSISTANTS. 

All   amounts   paid  for  services  of   general   or  supenlsjng   foitmen. 
302     TIMEKI:EPEUS   AND   OTHER    CLERKS. 

Salaries    w   wages    of    limekecpers    or    other   clerks    located    In    Uils    department:    Include** 
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also   pronU   tmount   of   sakries   or   waceg   paid   to    Unekeepers    or   other   clerks    serving 

this  and  another  department. 
303— LN8PECTING   C0BE8. 

Wages  of  Inspectors  engaged   in  the  Inspection   of  cores. 
304-UNLOADL\G  CORE  SAND. 

Wages    paid    for    unloading    cars    or    boats    containing    core    sand    If    a    short    term    or 

nonnal  supply.     If  exceptional  quantities  are   obtabied   for   long   term   storage    the   labor 

expense  should  be  added  to  the  inroice  cost  and  freight  charges  and  disbursement  charged 

accordingly. 
305— WHKEUNC   AND  MIXING   CORE   SAND. 

Wages  of  men  engaged  hi  mixhig  core  sand  including  preparation  and   wheeling. 
306-lXLOADING  AND   TENDING  OVENS. 

Wages   of   men  operattaig   dryhig   orens   Ui   connection   with   baking   cores,    hidudlng    firing 

the  oven. 

307— HANDUNG  CORES. 

Wages  of  men  engaged  bi  handling  cores  to  and  from  storage. 
30}^ -REPAIRING  CORES. 

Wages  of  men  engaged  hi  repahing  defectire  cores. 
309— CRANE  OPERATOR. 

Wages  paid  for  serrices  of  cranemen  in  the  department  operations. 

310— STORING  CORES. 

Wages  of  men  engaged  in  receiving,  storing  and  laying  out  cores. 
311— SICKNESS  AND  ACCIDENT  RELIEF. 

Wages   paid    to   employes    absent    on    accotmt    of    sickness    or    accident.      Allowance    must 

be  approved  by  the  Superintendent. 
312— EXPENSE   DUE  TO   ERRORS   AND   DEFECTS. 

Expenses  or  losses   due   to  errors  of  department   employes   wiiether   mechanical   or  clerical, 

as  for  example;  breakage,   spoilage,  misplacement  or  carele«i$  shop  work  of  any   kind. 
313— GENERAL  LABOR. 

Wages  paid  to  mlscelUneous  general   labor  not  provided  for   in   this   classiflcation. 


314- 
215. 


IIAINTENANC£  AND   SUPPLIES. 
321- BUILDINGS. 

Labor  and  material  uaed  hi  repairing  or  partially   renewing  buildln«^K   and  stnictiitis. 
323— COREMAKING  MACHINES.      (Omit   if  Machine   Hour   Rate    Used.) 

Labor  and  material  used   in   repairing  or   pailially   renewing  all   coremaklng   marliincs. 
323— SAND  BOXING   MACHINES. 

Labor  and   material  used   in   repairing   or   partially   renewing    core   sand    mlxlnK    maclilnes. 
324— ELECTRICAL  APPARATUS. 

Labor  and  material  used  to  repairing  or  partially   renewing   all   rlectrlcal   apparatus. 
325— CORE  OVENS. 

Labor  and  materhd  used  hi  repairing   or  partially  renewing  all   core   ovens. 
326— SHOP  FIXTURHB. 

Labor  and    material    used    in   repairing    or   partially    rcnewinK    all    stiop    fixtures,    such    as 

benches,   racks,  bhu,   lockere,  railincs.   etc. 
327-PIPE   AND  POWER  UNES. 

Labor   and    material   used    in    repairing,    or    partially    renewing    all    piphu.    plumbing    aid 

electric   wlrlog   toside   of   bulldhigs.    including    drainage    and   sewer    p  pes,    water,    gas.    arr 

and  oil  pipes. 
32VCRANE8. 

Labor  and  material  used  in  repairing  or  partlnlly  renewUig  all  craiKS. 
329-PUTE8. 

Labor  and  material  used  hi  repairhig  or  partUIly  renewing;  all  core  plates. 
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330--8MALL  TOOLS. 

Labor  and  material  used  in  repairing  or  partially  renewing  all   small  tools   wltiiin   the 

department  irtiich  bafe  a  comparatlfely  long  term  of  life. 
331— CORE  BOXES. 

Labor  and  material  used  in  tbe  alteration  and  repair  of  core  boxes  shall  be  accumulated 

under  account  703  and  shall  be  transferred  monthly  to  this  account     Account  703  is  a 

memorandum  account  only  to  be  used  as  a  basis  hi  tbe  apportionment  of  the  Pattern 

Department  expenses  as  described  under  account  703. 
S32— FUEL  CONSUMED. 

Ibdudes  tbe  cost  of  all  fuel  used  hi  the  core  orens. 
883— CORE  SAND. 
33i— CLAT. 

33S->C0RE  COMPOUND  AND  OIL. 
886— FLOUB. 
337— 8IUCA  WASH. 
888— RODS,  WIRES.  NAILS. 

Names  of  supplies — self  exphuutory. 
339— MISCELLANEOUS  SUPPLIES  AND  EXPENSES. 

All  incidental  and  miscellaneous  disbursements  not  profided  for  in  this  classiflcatlon. 

840— 

341— *. 

COREMAKING  BURDEN— MACHINE  HOUR  GROUP  5. 

851— MAINTENANCE  OF  COREMAKLNO  MACHINES. 

Labor  and  materials  used  in  repairing  coremalchig  macbhies. 

FINISHING   COST  GROUP  6 

UBOR. 
401— FOREMEN  AND  ASSISTANTS. 

All  amounts  paid  for  services  of  general  or  supenrising  foremen. 
402— TIMEKEEPERS   OR  OTHER   CLERKS. 

Salaries  or  wages   of  timelceepers   or  other   clerics   located   in    this   department;    includes 

also,   prorata   amount   of   salaries   or  wages   paid    to    thnekeepers   or   other   clerics   serving 

this  and  another  department. 
408— INSPECTORS. 

Wages  of  Inspectors  engaged  hi  departmental  inspection  work. 

404-<:rane  operators. 

Wages  paid  for  senlces  of  cranemen  hi  the  departmental  operations. 
405— HANDLING   GOOD  PRODUCT. 

Wages   for  handUng   good  product   hi  flnisUng   department   and   piling   good   castings    hi 

storage  areas. 
406— TAKING  OUT  REFUSE  AND  SCRAP. 

Wages  paid  for  collecting  and  disposmg  of  refuse  and  scrap. 
407— CLE.\NING  AND  SWEEPING. 

All  amounts  paid  for  seirice  in  raking,  sweeping  or  otherwise   cleaning   the   department 
408— UNLOADING  MISCELLANEOUS  MATERL\L6. 

Wages  paid  men  for  unloadfaig  miscellaneous  materials  of  short  term  supply  excepthig  as 

othenrise  provided  for  hi  this  classification. 
409— EXPENSES  DUE  TO   ERRORS  AND  DEFECTS. 

BipenKS  or  losses  due  to  errors  of  department  employes  whether  mechanical  or  clerical, 

as  for  example;  breakage.  spoiUge.  misplacement  or  careless  diop  work  of  any  tind. 
410— SICKNESS  AND  ACQDENT  RELIEF. 

Wages  paid  to  employes  absent  on  accotmt   of  sickness   or  accident.     Allowances   must 

be  approved  by  the  Superintendent. 
411— GENERAL  LABOR. 

Wages  paid  to  miscellaneous  general  labor  not  provided  for  hi  this  classification. 
412— SHIPPING  EXPENSE  LABOR. 

Wages  paid  shlpphig  department  helpers  and  laborers  wherever  located. 

413— 

414— 
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MAINTENANCE  AND  SUPPLIES. 

«1— BUILDINGS. 

Labor  aod  mtterial  used  in  repaJrlng  or  partially  renewioK  bolldlnci  or  itructuro. 
422— TUMBLEBS. 

Labor  and  material  uaed  in  repairing  or  partially  renewing  all  tumbling  barreli  or  rolling 


423— <»INDEB8. 

Labor  and  material  uaed  in  repairing  or  partially  renewing  all  grinden.  Does  not  indode 
grind  stones  or  emery  wheels. 

424— MACHINERY. 

Labor  and  material  OMd  in  repairing  or  partially  renewing  all  transmission  machinery 
within  the  department 

425— AIB  TOOLS. 

Libor  and  material  used  in  repairing  or  partially  renewing  all  air  toola  and  connections 
used  in  the  department. 

426— CRANES. 

Labor  and  material  used   in  repairing  or  partially  renewing  all  cranes,  chain  hoists  and 

mechanical  eaoreyon  used  in  the  department. 
427— ELECTRICAL  APPARATUS. 

Labor  and  material  used  In  repairing  or  partially  renewing  all  electrical  apparatus. 

428— SAND  BLAST  APPARATUS. 

Labor  and  material  ised  to  repairing  or  partially  renewing  sand  blast  appanttos. 

429— CUTTING  AND  WBLDLNG  EQUIPMENT. 

Labor  and  material  used  In  repairing  or  partially  renewing  all  eutUng  and  welding  equip- 
ment. 

430— SHOP  FIXTURES. 

Labor  and  material  used  in  repairing  or  partially  renewing  all  shop  flxturct,  loch  as 
beochea,  racks,  bhit.  lockers^  rallinp,  etc 

431-4»IPE  AND  POWER  UNES. 

Labor  and  material  used  in  repafa'ing  or  partially  renewing  all  piping,  plumbing  and  elec- 
tric wiring  Inside  of  buildings,  including  drainage  and  sewer  pipes,  water,  gas,  air  and 
oil  pipes  and  their  fittings;  cables  and  wires  for  power  and  lighting  circuits,  including 
wiring  dericet. 

432— OTHER  EQUIPMENT. 

Labor  and  material  used  in  repairing  or  partially  renewing  all  other  equipment  not  pro* 
proflded  for  in  this  classlflcation. 

433— SAND  FOR  SAND  BLAST. 

Cost  of  sand  used  In  sand  blasting  durinc  the  month  (I.  e.,  invoice  price  plus  trans 
portatlon  charges). 

434— NONDURABLE   TOOLS'. 

Cost  of  repairing  and  renewhig  all  tools  and  equipment  of  a  nondurable  nature,  except- 
ing emery  wheels,  not  classed  as  a  miscellaneous  shop  supply.  This  account  is  intended 
to  corer  nuUniy  those  classes  of  portable  tools  which  are  short  lived  and  comparatirely 
inexpensive.  All  current  expenditures  for  nondurable  tools  should  be  distributed  to  this 
account  whether  such  expenditures  represent  initial  cost  of  additions  or  replacement  of 
the  nondurable  tool  equipment. 

435— ELECTRIC  L.\MPS. 

Expense  In  connection  with  lamp  globes,  carbons  and  biTlbs. 

436— EMERY  WHEELS. 

Expanse  of  emery  wheels  used  in  the  finishing  department.  This  account  Is  used  to  ex 
flode  the  expenses  of  emery  wheels  from  Account   434.   Nondurable  Tools. 

437— CARBIDE,  HYDROGEN  AND  OXYGEN. 

Cost  of  carbide,   hydrogen   and   oxygen    used   diu-Ing   the   month    hi    nitting   and   weldli« 
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4:^8  -WELDING  MATERIAL. 

Cost  of  ill  welding  nipplies  such  as  meUi  sticks  or  tvire.  flux.  tie. 

439— «HIP1»1N0  EXP^WE  MATERIALS. 

Cost  of  all  miseellaoeous  materials  used  In  coniiectlot)   with  shipping  expense   opentkms 

4  4  a— INSPECTION  EXPENSE. 

All    incidental   and   miscellaneous   exprnditiors    (excepting    labor)    in   connection    mith    in- 
spection of  the  company's  product. 

441— OTHER  MATERI.\L8  AND  EXPENSES. 

All  incidental  and  miscellaneous  dbbursements  not   othe:wlse   provided  for   In  this   rlassUi- 
cation. 

442-- 

443 

ANNEALING   COST.  GROUP  7. 

r>01— FOREMEN. 

All  amounts  paid   tor   services  of  foremen. 
502— OVEN   TENDERS. 

Wages  of  men  operating  annealing  ovens  liicliidiiit;  Iviuz. 
503— PACKING   LABOR. 

Wages  paid  for  paclting  castings  in  annealing  boxes  o.   ]m{s,  or  loading  annealing  cars. 
r>04-PACKING  MATERIALS. 

Cost  of  packing  materials  used   In  annealing  pots  o.-  boxes. 
505— EXPENSES  DUE  TO  ERRORS  AND  DEFECTS. 

Expenses  or  losses  due  to  errors   of  department  employes   whether   mechanical   o:   clerical. 

as  for  example,  breakage,  spoilage,   misplacement  or  c.4.ei.«.4  >ho.)  hu.k  ot   oiiy   k  lAi. 
506— BOXES. 

Cost  of  annealing  boxes  used  during  the  month. 
507— FUEL  CONSUMED. 

Cost  of  all  fuel  used  in  the  annealing  ovens. 
508— MAINTENANCE  OF  OVENS. 

Labor  and   material   ised    In   repair  n;   or   parllAllv   renewing   ail    annealii:s    o  en.s. 
509-  MAINTENANCE  OF  ELECTRICAL  APPARATUS. 

Labor  and   material   used   In  repairtoig   or  pa^tlally  renewing   all   electrical   apparatus. 
510— MAINTENANCE    OF   BUILDINGS. 

Labor  and   material  used   in  repairing  or  partially   renewing   ijuildlngs   or  structures. 
511— MAINTENANCE  OF  MISCELLANEOUS  EQUIPMENT. 

Labor  and   material  Uted  in  rcfialrlng  or  partially  renewing  ail   other  equipment  not  p:« 

vided  for  In  this  cUssiflcation. 
512-  SHEET  IRON   USED  IN  MUFFLE  FURNACES. 

Cost  of  all  sheet  iron  used  in  muffle  funiarts. 
513^M1SCE1,LANE0U8  SUPPLIES. 

Cost  of  all  miscellaneous  supplies   (other  than  enumerated  above)   constuned  in  the  current 

operations  of   the  annealing  departments. 

514 

515 

APPORTIONED    EXPENSES.  GROUP  8. 

1— POWER,   HEAT  AND  LIGHT.      (See    deUll   8a.) 

Includes  total  of  Group    (8a)    Power,   Heat  and  Light  Expenses,   which  amount  shall  be 
distributed  on  the  proportionate  basis  of — 

(a)  Power:  On  the  estimated  used  horsepower  of  motors  Installed  in  etch  department, 
to  the  total  horsepower  used  in  all  departments. 

(b)  Hut:  On  the  ratio  of  the  floor  9pace  of  each  department  heated  to  the  total 
floor  space  of  all  departments  heated. 

(c)  Light:     On    the    wattage    of    lamps    installed    in    each    department    to    the    toUl 
wattage    installed    in   all    departments. 
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2-  PATTERN   EXPENSES.      (See   deUU    8b.) 

Includes  toUl  of  Group  8b  Pattern  Expenses,  wbicta  amount  shall  be  distributed  against 
The  Molding  and  Coremaklng  departments  on  thp  cittahlisbed  proportionate  basis  of  the 
benefits  derived  by  each. 

3- GENERAL  EXPENSES.      (See  deUil   8c.) 

Includes  total  of  Qnup  8e  General  Expenses,  which  amount  shall  be  distributed  to  the 
following  accounts:  (a)  cost  of  melt;  (b)  molding  burden;  (c)  coremaklng  burden: 
(d)  finishing  coot;  and  (e)  anneaHng  cost,  on  a  percentage  basis  equivalent  to  total 
labor  cost  direct  and  indirect   in  the  respective  departments. 

4— BONUS. 

(a)  Attendance:     Based  on'  percentage  of  earnings  during  six  consecutive  days'   full  time 
attendance.     Bonus  to  be  distributed  against  department  in  which  it  is  earned. 

(b)  QuHitity:     Based    on    quantity    production    weekly    or    monthly.      Bonus    to    be    dis- 
tributed against  department  in  which  it  is  earned. 

5— DKPRECUTION. 

Represents  a  monthly  charge  equivalent  to  the  lessening  value  of  investments  as  repre- 
sented by  building,  machinery,  electrical  apparatus,  furniture  and  other  permaneDt 
equipment,  the  charge  being  based  on  a  standard  rate  of  percentage  of  the  ledger  values 
of  the  investment  accounts  which  shall  be  chargeable  against  tlie  expenses  of  the  various 
departments  according  to  the  value  of  the  departmental  investment. 

6— INSURANCE. 

(a)  Firt  Insurance. 

Indudes  the  cost  of  fire  insurance  premiums.  Charges  to  this  expense  shall  be 
credited  to  such  an  account  as  "Unexpired  Insurance"  and  be  distributed  monthly 
against  the  various  departments  on  the  basis  of  value  involved. 

(b)  Group  Life   Insurance. 

Includes  the  cost  of  group  life  insurance  premiums  distributed  monthly  against  the 
various  expense  grotips  (i.  e..  Groups  1  to  8  inclusive)  based  on  the  number  of 
emptoyes  in  each   department. 

(r)  Liability   Insurance. 

Includes  cost  of  all  premiums  on  employen'  liability  insurance  and  is  to  be  dis- 
tributed monthly  on  a  proporiionate  percentage  of  the  payroll  of  each  department. 

7— TAXES. 

Includes  all  payments  for  taxes  and  asse:aments  on  real  estate  and  personal  property 
used  for  manufactwiiv  purposes,  excepting  water  taxes,  "nie  estimated  cost  of  taxi*« 
is  to  be  credited  to  an  account  such  as  "Taxes  Accrued"  and  charged  in  monthly  p  o 
portions  agaimt  the  various  departments  on  the  basis  of  the  ratio  of  taxable  values  in 
each  depariBient   to  the  total  taxable  values  in  all  depattments. 

POWER.  HEAT  AND  LIGHT  EXPENSES.  GROUP  8a. 

601— POWER   PLANT  AND  SlB-STATlON   LABOR. 

All  amounts  paid  for  services  of  eiigineev,  firemen,  clectrlcltn.  or  n  h  r  siiicr.ism  «i;tl 
labor    in   connection   with    the   power   plant    or   sult-sUtion. 

602— MAINTENANCE   OF   POWER   PLANT   EQl'IPMENT. 

Labor  and  material  used  In  repairing  or  iwrtially  renewing  all  power  plant  equipment 
excepting   st»tiooary   boUer. 

601 -MAINTENANCE    OP   SUB-STATION    EQl  IPMK.NT. 

Labor  and  materials  us«d  in  lepairing  or  pariially  renewing;  all  sub-station  equipment 
surh  as  transformers,  switchboard,  gene'al  |H»«er  lines  and  all  other  miHrellaneous  elec- 
trical apparatus   used   in   distributiii,;   or   measuring   elrctriral   current. 

604     OILS  AND  WASTE. 

Cost   of  all   lubricating   oils,    greases   and   wa.ste. 
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605— EUSCTBIC   LAMPS. 

Bipeiises  in  coonection  with  lamp  globes,  earbons  ind  bulbs. 
606— FUQj  CONSUMED. 

Coit  of  coil  or  other  fuel  actually  coosuffled  based  od  periodical  reports  of  coosuniptioiL 
607— MAINTfaiANO:  OF  POWER  PLANT  BUILDINGS. 

Labor  and  material  used  In  repairing  or  partially  renewing  all  power  plant  buildings  and 

structures. 
608— MAINTENANCE  OP  BOILER  AND  EQUIPMENT. 

Labor  and  material   used   in   repairing   or  partially   renewing   stattooary   steam    bollen    or 

other  apparatus   used   In   connection   with   the   generatioD   or   distribution   of   steam,    as 

injectors,  draft  system,  pipes  and  flttings,  water  pomps,  etc. 
609— CURRENT  PURCHASED. 

Coat  of  all  electric  current  purchased  for  either  power  or  light 
610— MISCELLANEOUS    EXPENSES. 

Miscellaneous  expenses  not  otherwise  provided  for  in  this  dassiflcation. 

611 

612 


Note  No.  1— If  compressed  ah-  is  used  in  quantity  and  is  supplied  from  a  central  station, 
it  is  recommended  that  a  separate  group  expense  be  used  like  the  "Power,  Light  and  Heat"  and 
handled  in  same  way. 

In  many  plants,  however,  a  compressor  is  in  each  department  where  used,  which  of  course 
would  simply  throw  it  in  the  expense  account  of  the  department. 

In  larger  plants,  bowerer,  a  separate  account  should  be  used  in  similar  manner  to  Power. 
Light  and  Heat 

Note  No.  2~In  large  plants  It  is  recommended  to  split  Group  8-a.  Power.  Light  and  Heat. 
separaUng  into  an  expense  account  for  "Electric"  and  another  for  "Steam"  expense.  The  ubm 
prhiciples  will  goTem  .ind  can  easily  be  followed  out. 

PATTERN   SHOP   EXPENSES.  GROUP  S-b. 

701— FOR^IAN. 

Wages  for  foreoum  for  thne  spent  in  superrision.  Does  not  Include  wages  of  working 
foreman  which  can  be  directly  distributed  igainst  pattern  orders,  shop  orders  or  other 
standing  expense  accounts. 

702— ALTERATIONS  AND  REPAIRS  TO  PATISRNS. 

Labor  and  material  used  in  the  alteration  or  repair  of  standard  patterns  owned  by  the 
company  to  suit  the  needs  of  the  foundry.  Does  not  bidude  labor  and  material  used 
In  the  alteration  or  repair  of  patterns  which  are  customers*  property;  does  not  include 
labor  and  material  used  in  making  new  patterns  which  are  chargeable  to  customers  or 
an   investment  account 

The  total  amount  charged  to  this  account  shall  be  deducted  from  pattern  shop  expenaes 
and  transferred  to  Account  233,  Patterns,  together  with  a  proportion  of  the  residual 
pattern  shop  expenses  after  values  hi  Accounts  702.  703,  704  and  705  have  been  de- 
ducted from  charges  to  this  expense  group.  The  proportion  shall  be  based  on  a  per- 
centage basis  of  the  ratio  of  the  value  in  Account  702  to  the  total  of  the  values  in 
Accounts  702,   703.   704,   705. 

703— ALTERATIONS   AND   REPAIRS   TO   CORE  BOXES. 

Labor  and  material  used  in  the  alterations  or  repair  of  standard  core  boxes  owned  by 
the  company  to  suit  the  needs  of  the  foundry.  Does  not  Include  labor  and  material 
used  fa  the  alteration  or  repair  of  core  boxes  vrhicfa  are  customers'  property;  does  not 
hidude  labor  and  material  ified  hi  makhig  new  core  hoses  which  are  chargeable  to 
customers  or  an  hivestment  account 

The  total  amount  charged  to  this  account  shall  be  deducted  from  pattern  shop  espeates 
and  transferred  to  Accoont  331,  Core  Boxes,  together  with  a  proportion  of  the  residual 
pattern  shop  expenses  after  values  In  Accounts   702.   703.   704  and  705  have  been  de- 
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ducted  from  cfaarset  to  this  eipenie  group.     Ihe  proportion  afaall  be  based  oo  a  per- 
centacB  bitl>  of  tta9  ratio  oT  tbe  lalue  in  Account  703  to  the  total  oT  the  tiIim  in 
Aeeoititi  702.  708.  704.  705. 
704— MAIONQ  NEW  OR  BEPLACINQ   OLD  WOOD  FLA8KS. 

Libor  end  material  need  in  maUng  new.  repairing  or  replacing  old  wood  Huks  or  bottom 
boirdi. 

Hm  total  amount  charged  to  this  account  shall  be  deducted  fh»  pattern  Aop  expenaes 
and  transferred  to  Account  235-1.  wood  flasks  and  bottom  boards,  together 
with  a  proportion  of  tbe  residual  pattern  shop  expenses  after  values  in  Accounts  702. 
703.  704  and  705  have  been  deducted  from  charges  to  this  expense  group.  The  pro- 
portion shaU  he  based  on  a  percentage  basis  of  the  ratio  of  the  value  hi  Account  704 
to  the  total  values  in  Accounts  702.  703.  704.  705. 

705— MACmENANCB    OF    SNAP    FLASKS. 

Labor  and  material  used  in  repairing  or  partially  renewing  snap  flasks  and  making  new 
or  replacing  old  wood  jackets. 

The  total  amount  charged  to  this  account  shall  be  deducted  from  pattern  shop  expenses 
and  transferred  to  Account  235-2.  snap  flasks  and  Jackets,  together  with  a  pro- 
portion of  the  residual  pattern  shop  expenses  after  values  In  Accounts  702.  703.  704  and 
705  have  been  deducted  from  charges  to  this  expense  group.  The  proportion  shall  be 
based  oo  a  percentage  basis  of  the  ratio  of  the  value  in  Account  705  to  the  total 
values  hi  Accounts  702.  703.  704.  705. 

70fr— MAINTKNANCE  OF  BUILDINGS. 

Labor  and  material  used  hi  repaUIng  or  partUUy  renewhig  buildhip  or  structures. 

707— MAINTENANCE  OF  MA(»INERT. 

Labor  and  material  used  hi  repairing  or  partially  renewhig  all  machhiery  hi  pattern  shop. 

708— MAINHSNANCE  OF  SHOP  FIXTUBES. 

Labor  and   material   UKd  hi  repahing   or  partially  renewhig  all   shop   flxturcs.   soefa   u  • 
benches,  racks,  bin^  lockers,  railings,  etc. 

709— MISGBLLANEOUS  LUMBER. 

Cost  of  all  lumber  used  for  miscellaneous  pvposes.  not  provided  for  in  this  dassiflca- 
tlon.     All  charges  ponlble  should  be  made  agafaist  Accounts  702  to  705  faiduslve. 

710— XONDUBABLE  TOOLa 

Cost  of  repairing  and  renewhig  all  txiols  and  equipment  of  a  nondurable  nature.  This 
amount  is  Intended  to  cover  mahily  those  classes  of  portable  tools  which  are  shortlived 
and  comparatively  hiexpensive.  All  current  expenditures  for  nondurable  tools  should  be 
distrflxlted  to  this  account  whether  such  expenditures  represent  faiitlal  cost  of  additions 
or  replacement  of  the  nondurable  tool  equipment. 

711— MISCELLANEOUS  SUPPLIES   AND  EXPENSES. 

Miscellaneous  disbursements  not  otherwise  provided  for  hi  this  classification. 

712 

713 

GENERAL  EXPENSES.  GROUP  8-c. 

801— SALARIES— DEPABTMENT  HEADS. 

Salaries  of  managers,  general  superhitradents  and  those  havhig  supervision  over  a  regu- 
larly estahUshed  otnenl  department.     (Not  a  produchig  department) 

801-«ALABIES— CLEBICAL. 

Salaries   and   wages   of   all   office   clerks   not    dhectly   distributable   to   a    departmental 


803— TABO  LABOB. 

Wages  paid  men  engaged  hi  general  yard  labor  not  distributed  to  other  accounts  pro- 
vided berehL  ' 

804— ^aOOBAL  LABOB. 

Wages  paid  men  engaged  hi  uncUsalfled  work  not  distributed  to  other  accounts  hi  this 
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805— GE»«CRAL  BEPAIR  MEN. 

Wages  only  of  employes  in  the  maintenance  department  which  arc  not  distributable 
directly  to  spedfle  accounts  aa  prorided  for  in  this  expense  dasslAcation. 

806— SICKNESS   AND    ACCIDENT   RELIEF. 

Wages  p&ld  to  employes  absent  (hi  account  of  slrknesi;  or  accident,  which  are  not 
chargeable  to  operating  departments.     Allowances  must  be  approved  by  the  Superinlcndeiit. 

807— PRINTING  AND  STATIONERY. 

Cost  of  all  printed  forms  and  sUtionery  used  during  the  month  by  plant  departments. 

808— OFFICE  SUPPIJES. 

Cost  of  all  minor  office  supplies  and  conveniences  used  by  plant  offices. 

809— TRAVBUNO  EXPENSES. 

Ail  payments  for  transportation,  hotel  and  other  necessary  expenses  in  coiuiection  with 
foumby    requirements    other   than   administrative   and   selling. 

810— TELEPHONE  AND  TELEGRAPH. 

Expense  of  all  local  and  long  distance  public  telephone  service,  the  rental  of  interior 
service  and  a  proportion  of  wages  of  the  switchboard  operator  based  on  services  per- 
formed.    Includes  expense  of  telegraphing.     All  the  preceding  applies  to  Plant  Operations. 

811— CAR    DBaiURRAQE. 

All  amounts  paid  as  demurrage  fo.    detention  of  cars  belonging  to  laUroad  companies. 

812— GENERAL  STORES  EXPENSE. 

Wages  of  storekeeper  and  assistants  engaged  in  the  receivhig,  storing  and  delivery  of 
general  stores.  Hits  account  also  includes  office  supplies  and  statloneiy  used  in  con- 
nection  with  the  above  function. 

8l:j— WATCHMEN'S    EXPENSE. 

Wages  paid  iratchroen  and  other  miscelluneotis  expenditures  in  connection  with  watcfaroeii's 
service. 

814— BLACKSMITH  SHOP  EXPENSES. 

All  e:q)endltures  in  connection  with  the  blacksmith  shop  not  distributable  dbertly  to 
some  other  account.  Includes  labor  and  material  and  all  pro-rations  applicable  to  the 
blacknnith  shop. 

815— REPAIR  DBPART.MENT  EXPENSES. 

All  expenditures  in  connection  with  the  repair  or  maintenance  department  not  dls- 
tribiftable  directly  to  some  other  account.  Includes  labor  ami  material  and  all  pro- 
rations applicable  to   the   repair   department. 

816— TRUCKING    OR    TEAMING    EXPENSE^. 

All  expenditures  in  connection  with  guraae  and  automobile  service,  stable  and  cartage 
service  and  all  payments  for  all  miscellaneous  and  unassignable  hired  cartage  of  material 
and  supplies,  both  incoming  and  outgoing. 

817— MAINTENANCE   OF    OFFICE   BUILDING. 

All  labor  and  material   used   in  repairinj;  or   partially   renewing   office   building. 

818— MAINTENANCE  OF  BUILDINGS   AND  EQUIP.MENT.      (GENERAL.) 

All  labor  and  material  used  in  repairing  or  partially  renewing  buildings  and  eqiripment 
when  such  charges  cannot  be  distributed  against  a  particular  department  as  provided  for 
in  this  dasslflcation. 

8 1»— MAINTENANCE  OF  YARDS,  FENCBS  AND  GROUNDS. 

All  labor  and  material  ified  in  repairing  or  partially  renewing  all  roadways,  sidewalks, 
fences,  regrading  of  yards,  malntAlnlng  lawns  and  all  tools  and  implements  used  ex- 
clusively in  connection  therewith. 

820— .MAINTENANCE  OF  TRACKS. 

All  labor  and  material  used  in  repairing  or  partially  renewing  all  railway  tracks  in 
yards  and  shops,  including  turntables  and  tracks   on   trestles. 

821— REPAIRS   ON  RETURNED  MATERIAL. 

Wages  paid  for  reclal&lng  processes  on  returned  material  to  restore  mich  material  to 
salable  condition  if  defect  is  not  directly  traceable  to   an  operating   department 

822  —MISCELLANEOUS    EXPENSES. 

Miscellaneous  dlsbJirsemcnts  not  oth-^rwise  provided  for  in  this  class Illcation. 
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ADMINISTRATIVE    EXPENSES.  GROUP  9. 

1001-  EXECUTIVES'   SAURIES. 

Compeontlon    of   corpo.«le   and   general   executirc   officers.      ExenitlTe   offlcen   engaged    in 

nlta  work  ibould   be   chanced   directly   to   .\ccoimt    No.    1101     8alark»,    under   Group    10, 

Selling   Eipenaefl. 
1002— OFFICE  SALARIES. 

Sftlartes  of  all  clerlu.  including  stenog.apbeis.   reporting  directly  to  the  executive  officert. 
1003— OFFICE   SUPPLIES   AND   EXPENSES. 

Cott  of  all  stationery,  printed  forms,   office  supplies  and   misrellaneous  expenditu.e9   made 

in  eonnectloii  with  executive  offices. 
1004— TRAVELING   EXPf94SE8. 

Paymeots  for  transportation,  hotel  and  other   nccesmy  expenses,   including  entertainii^   In- 
curred by  executive   officers. 
1005— ABSOaATION    DUES. 

Menbersblp  feet  in   trade  or  manufactu  Iiik   asmclaMons. 
1006— CHARITIES. 

Cost  of  all  voluntary  suhsc:  iptions  to  hospitals  o.-  other  lo:ral  charity  organizations. 
1007— MIBCELLANEOUS  FJCPEN8ES. 

Miscellaneous  disbursements  not  otheiwise  provided  for  in  this  classiflcatlon. 

SELLING    EXPENSES.  GROUP  10. 

1101— SALARIES. 

Salaries  of   sales   manager,    sales   department    representatives   and   clerks. 
1102— COMMISSIONS. 

All  amounts  accrued  as  commKsions  to  saie^imen   based   on   sahs   hilled    (or  orders   taken) 

doing  the  month. 
1103— TRAVEUNG    EXPENSES. 

All  payments  for  trinsportation.  hotel  and  ether  necessar}'  expenses,  Including  entertaining. 

mcurred  by  sales  department  represent  at  hes. 
1104 -OFFICE  SUPPLIES  AND  FJCPEN8ES. 

Cost  of  all  stationery,   printed  forms,   office  supplies  tised,  and  miscellaneous  expenditures 

made  In  conrectlon  with   the  sales   depa'tment. 
1105— ADVERTISING. 

Cost  of  all  catalogs,  price  lIsU.  stock  lists,  and  all  other  printed  matter  intended  to  be 

of   Mies   assistance.      Includes    payment    for    advertisements    descriptive    of    the    company's 

business    or    product    inserted    in    newspapers,    magaxines,    trade    pti>lication8.    etc.,    also 

cuts,   electros,   etc.,   used   In   connection   therewith.     Includes   cost   of   samples   for   use   of 


1106— TELEPHONE  AND  TELEGRAPH. 

Local   and   long   distance   public   telephone   service,    the    rental    of    interior   service,    and    a 

proportioQ  of   the   wages  of   the   s«1tchboard   operator    based   on   senices   performed.      In- 

chides  expense  of  telegraphbig. 
1107-  POSTAGE. 

Self-explanatory, 
nog  -MISCELLANEOUS    FJCPENSES. 

Miscellaneous   disbursements   not   otherwise    jumided    for    in    tfi -»    rl)^s^lnoatiof». 
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SECTION  IV 

PRODUCTION  ROUTINE 

All  castings  made  should  be  authorized  by  a  casting  pro- 
duction order  which  should  be  in  sufficient  copies  to  notify 
the  various  departments  interested  of  the  exact  requirements 
involved  and  to  prevent  over-fulfillment  of  requirements.  The 
order  should  show  clearly  the  order  number  or  class  number 
chargeable,  in  order  that  the  application  of  cost  may  be  depend- 
able. A  work-in-process  record  by  pattern  numbers  should  be 
maintained  showing  the  order  number  and  number  of  castings 
ordered  and  completed,  as  well  as  dates  of  the  transactions. 
Dependable  reports  should  be  made  showing  the  number  of 
castings  made  daily,  good  and  defective,  and  the  corresponding 
weights  by  order  or  class  number  and  pattern  numbers. 
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SECTION   V 

COST  COMPILATION 

The  compilation  of  costs  consists  of  two  main  divisions : 
First:    The    compiling    of    the    monthly    statements    of    the    vari- 
ous   operating    expense    and    burden    accounts,    which    accounts    give 
us  a  complete  analysis  of  all  indirect  costs,  and  a  monthly  and  average 
to  date  check  on  our  predetermined  rates,  and 

Second:  The  compiling  of  casting  or  class  costs  based  on  weights 
and  direct  labor  cost  of  product  turned  out,  using  predetermined  rates 
on  all  except  the  direct  labor. 

In  compiling  the  costs  of  the  first  division,  we  combine  with 

the  actual  compilation  the  operation  of  securing  the  figures  for 
the  necessary  journal  entries  to  make  the  proper  transfers — ^we 
therefore  will  trace  through  the  detail  work  necessary  to  accom- 
plish all  ends : 

First  Division — Compiling  Expense  and  Burden  Accounts 
All  time   tickets,   requisitions,   and  expense   ledger  charge 
slips  are  filed  under  their  proper  order  numbers. 

For  the  work  of  compiling  the  statements,  there  should  be 
prepared  ahead  a  skeleton  statement  for  each  account  for  a 
working*l)aper  with  headings  as  follows :  (Refer  to  statements 
shown  later  in  this  section.) 

EXPENSE  LEDGER 
ORDER  NO.   TIME  TICKETS   REQUISITIONS    CHARGE  SLIPS 

TOTAL  FOR 
MISCELLANEOUS  MONTH 

The  order  number  indicates  the  expense  code  order  nirni- 
ber.  All  other  headings  are  clear  except  possibly  "Miscellane- 
ous." This  is  suggested  in  case  some  foundry  uses  a  transfer 
charge  slip  from  some  other  department  of  the  same  company. 
With  these  skeleton  working  statements  ready,  start  in  with 
the  operating  account,  and 

First: — ^Add  time  tickets  under  each  order  number  setting  total  opposite 
proper  order  number  and  under  "Time  Tickets." 

Find  total  for  each  section  of  expense  or  burden  account  as  per 
sample  statements.  Find  total  for  each  account  Find  total  for 
all  accounts,  including  power,  light  and  heat,  pattern,  general 
expense,  etc 

This  total  should  agree  with  the  total  indirect  labor  shown  by 
the  payroll  distributions. 

The  figures  here  found  showing  total  for  each  department 
become  the  debits  to  same  in  the  labor  distribution  journal  entry, 
and  with  the  addition  of  the  amounts  for  each  productive  depart- 
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ment  of  direct  labor  shown  by  the  pay  roll  distribution,  make  up 
the  complete  journal  entry  for  labor  distribution   for  the  month. 
Second: — Add   requisitions  same   way  as  time  slips  and  enter. 

The  total  for  each  account  gives  the  figure  for  the  debits  side 
of  the  journal  entry  of  distribution  of  material,  the  credit  side 
being  the  figures  accumulated  before  the  requisitions  were  filed, 
where  the  amounts  to  be  credited  to  each  stock  material  account 
was  found.  This  also  gives  a  check  on  the  accuracy  of  the  work 
performed  at  all  stages,  as  these  figures  must  agree  to  make  a 
balanced  entry. 
Third: — Add  and  enter  the.  expense  ledger  charge  slips  exactly  the  same 
way.  This  will  give  the  debits  to  the  various  expense  and  burden 
accounts,  and   the  total   credit  to   expense   ledger  account. 

Note  that  this  credit  must  equal  the  total  of  the  debits  as  comes 
from  the  purchase  register. 

Journal  entry  No.  2  combines  the  second  and  third  items  here 
shown  into  one  entry.    They  can  be  made   separately  if   desired. 
Fourth: — If    some   purely   local   method    is   installed   to   control    charges 
from  other  departments  through  some  "Deferred  Charge"  method 
use  the  column  headed  "Miscellaneous."    Proceed  as  in  other  cases. 
Fifth: — ^Without  going  into  the  detail  of  each,  prepare  monthly  journal 
entries  covering  distribution  of : 
Liability    insurance 
Depreciation 
Taxes 

Fire  insurance 

And   any   other    desired    items. 
(See   journal    entries    for   methods    to    use.) 
Sixth: — Now  close  the  accounts. 
Power,  light  and  heat 
Pattern  expense 
General   expense 
distributing  them   as   per   directions   elsewhere,   making   up   proper 
journal  entries  of  same. 
Seventh: — We    now    have    all     items    in    our    operating    expense    and 

burden  accounts,  and  same  can  be  completely  footed. 
Eighth: — Next   get    the    necessary    data   of    total    metal    poured;    direct 
molding  labor;  direct  coremaking  labor;  and  total  good  castings. 
Ninth: — Prepare  journal  entry  and   make  entries   on   statements  as    fol- 
lows:    (Debit   is  to  Work  in    Process.) 
Melting  Cost  is  credited   with  pounds  of   metal   poured  times   the 

predetermined    rate   per   pound. 
Molding   Burden-Direct    Labor    with    direct    labor   times    predeter- 

mined   rate. 
Molding  Burden-Machine  Hour  with  hours  of  machine  work  times 

predetermined  rate. 
Coremaking   Burden-Direct  Labor  with   direct  labor   times    prede- 
termined rate. 
Coremaking  Burden-Machine  Hour  with  hours  of  machine  work, 

times   predetermined    rate. 
Finishing  Cost  with  combined  molding  and  core  direct  labor  times 

predetermined  rate. 
Anttealing    Cost    with    weight    good    castings    times    predetermined 
rate. 
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Important  Note, — There  are  two  ledger  accounts  for  each  operat- 
ing expense  and  burden  account.  One,  named  as  those 
above  are  for  debits  or  adjustments  of  same  only,  and 
the  other  is  for  the  credits  through  transfers  to  work  in 
process  each  month.  The  object  of  this  is  to  accumulate  the 
burden  amotmts  to  date  each  month,  also  the  burden  cred- 
its— for  use  in  the  comparative  statements.  The  difference 
between  each  pair  of  accounts  is  the  over  or  under  absorbed 
expense,  carried  to  the  profit  and  loss  statement  monthly, 
but  not  journalized  except  at  yearly  closing  of  books. 
Tenth:— y\'hh  all  data  now  known,  fill  in  and  compute  the  comparative 

statements  of  each  expense  and  burden  account. 

Second  Division — Cowpiling  Casting  and  Class  Costs 
All  time  tickets  representing  the  direct  labor  are  filed 
under  the  order  or  class  number.  Weight  records  are  known 
of  weights  of  the  castings  to  be  figured  as  well  as  the  sprue 
weights  of  same,  and  which  castings  weights  are  good — and  bad. 
The  following  form  will  then  be  followed  either  for  indi- 
vidual castings  of  classes : 

Casting  Cost  Sheet 

Total    metal    poured #@  per  lb.  

I-ess   bad   castings #@  per  lb.  

Sprue    #@ per  lb. 

Net    metal    cost — 

Molding    direct    labor 

Molding  burden  @ %  of  direct  labor 

Molding  burden  @ hrs.  machine  @  per  hr 

Net  molding  department  cost 

Coremaking   direct   labor 

Coremaking  burden  &) %  of    direct    labor 

Coremaking  burden  @ hrs.  machine  (a   per  hr 

Net  coremaking  department  cost 

Finishing  cost  (a) %  of   combined    molding   &    core    direct 

labor    

Annealing  cost  ® %  per  lb.  of  good  castings 

Total  plant  cost   

If  molding  sand  and  flask  cost  is  used  separately,  add  to 
the  foregoing. 

Molding  sand  cost #  poured  (§>  per  lb 

Flask  cost  good   castings         @  per  lb 
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The  credit  of  bad  castings  and  sprue  is  usually  given  at 
some  regular  arbitrary  price  per  pound,  but  of  course  closely 
approximating  current  value  of  scrap. 

Class  Costs — Individual  Costs 

Different  foundries  use  different  methods  depending  on  the 
nature  of  their  work. 

Class  Costs 

If  class  costs  are  used,  a  subsidiary  record  should  be  used 
for  pricing  sales  for  the  month  used  as  follows,  and  for  the 
reasons  given. 

It  is  necessary  to  close  up  all  classes  monthly.  Of  course 
some  castings  are  not  complete — are  in  process.  So,  therefore, 
no  one  month's  figures  mean  much  as  against  the  average  of  a 
number  of  months. 

Also,  some  castings  at  one  month's  cost  are  shipped  during 
the  next  month,  when  the  month's  class  cost  is  different. 

So,  therefore,  a  running  record  for  each  class  should  be 
kept  as  follows: 

Pounds  Per  Lb.        Amount 

Balance     0000  000  00000 

Produced   this   month 00000  000  000000 

Total    00000  000  000000 

Shipped    00000  000  000000 

Balance     0000  000  00000 

By  this  the  unshipped  tonnage — at  its  value  is  carried  over. 
The  production  at  the  cost  for  the  month  is  added,  which  gives 
us  a  total  and  thereby  an  averaged  cost.  This  cost  per  potmd 
we  use  in  pricing  the  shipments  for  the  month,  leaving  a  bal- 
ance forward  unshipped  to  repeat  next  month.  This  will  insure 
equitable  pricing  of  sales,  and  keep  the  inventories  at  proper 
values. 

Individual  Costs 

In  the  case  of  individual  casting  costs,  the  troubles  experi- 
enced in  class  cost  are  not  apparent,  as  each  casting  order  is 
on  its  own  basis.  It  is  simply  a  matter  of  costing  the  ship- 
ments as  made  by  the  use  of  weights  and  direct  labor  with 
predetermined  costs  of  expenses  and  burdens. 
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Closing  Costs  of  Orders  or  Classes 

We  now  must  prepare  our  journal  entries  and  use  the  cost 
compiled  in  the  second  section. 

First: — An  accumulation  of  all  bad  castings  and  sprue  must  be  made 
for  the  month,  '(his  will  be  the  total  of  this  deduction  in  the 
cost  sheets.  This  gives  us  the  journal  entry  to  credit  work 
in  process  and  debit  scrap.  This  also  comes  from  inspector's 
reports. 

Second:— The  cost  of  completed  castings  will  be  transferred  from 
work  in  process  to  finished  castings — if  put  into  stock  or  to  cost 
of  castings  sales  if  castings  are  not  stocked.  This  is  journal 
entry  No.   12  or   13. 

Third: — If  individual  castings  costs  are  figured,  this  cost  should 
be  entered  on  the  invoices  and  from  there  recapped,  in  order  to 
be   sure   that  each   sale  is   priced. 

Fourth: — If  class  costs  are  used,  a  recap  of  shipments  under  each 
class  will  be  made,  and  then  priced  as  per  method  under  "class 
costs— individual  costs."  In  both  this  and  the  preceding  entry, 
remember  the  journal  entry. 

Monthly  Cost,  Profit  and  Loss  and  Balance  Sheets 

Immediately  following  are  forms  of  cost  sheets  for 
all  expense  and  burden  accounts,  profit  and  loss  and  balance 
sheet. 

If  the  form  of  statements  is  carried  out,  and  all  previous 
directions,   no   trouble  will   be   experienced. 

Each  operating  statement  shows  place  for  credit  of  pre- 
determined amounts,  and  shows  the  balance  under  or  over 
absorbed.  These  balances  are  carried  into  the  profit  and  loss 
credits   red,   and  debits  black. 

Then  insert  the  administrative  and  selling  costs  as 
figured  on  the  working  sheets,  as  well  as  sales,  financial  items, 
etc.,  and  the  profit  or  loss  is  arrived  at. 

From  the  trial  balance  fill  in  all  the  items  on  the  balance 
sheet,  and  this  should  show  same  results  as  the  profit  and 
loss  sheet. 

4c        :tc        4t        ♦        ♦        ♦ 

A  method  of  accounts  which  is  not  the  means  of  pointing 
the  way  to  reforms  is  a  failure.  An  industrial  plant  which 
fails  to  have  such  a  method  is  far  behind  the  times.  Nor 
does  an  elaborate  method  accomplish  more  than  a  simple 
method,  if  the  management  fails  to  use  the  figures  set  forth. 

Costs  may  cost,  or  may  become  an  investment.     It's  up 
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to  the  use  of  the  figures  whether  the  cost  system  in  a  plant 
is  an  expense  or  an  investment.  You  can  make  it  an  invest- 
ment if  you  will — and  a  very  profitable  one  by  getting  every- 
one interested  in  every  detail — in  every  item  of  every  expense 
and  burden   account. 

Bonuses  or  prizes  may  be  worked  out — and  almost  any 
method  at  all  when  you  have  the  figures  and  use  them. 

Resides  that — ^you  knozv  your  costs. 

Special    Note — Financial    Expense 

Theoretically,  all  interest  and  discounts  are  straight  profit 
and  loss  items. 

Interest  on  loans  in  banks  are  but  payments  on  account 
of  insufficient  capital,  and  therefore  are  in  place  of  what 
otherwise  would  be  stock  dividends. 

Cash  discounts  given  are  really  the  same  as  interest  paid, 
and  are  not  selling  expenses. 

However,  many  companies  desire  to  include  interest  ex- 
penses as  a  part  of  the  administrative  expense  in  their  costs, 
on  the  theory  that  the  interest  has  to  be  earned  and  the  best 
way  to  be  more  assured  is  to  thus  include  it  in  the  cost. 

In  the  statement  of  profit  and  loss  shown  herewith, 
the  financial  section  stands  alone  and  may  or  may  not  be  com- 
bined with  the  administrative  expense,  according  to  the 
desires  of  the  officers  of  the  company. 

MKLTINr.   COST 
CONVERSION 
MONTH  OP 


LABOU 

101. 

lo-j. 
103. 
104. 

lo:.. 

lOli. 
107. 

los. 
loii. 

110. 

ill. 


Forrmffi    and    aHsistaiit.s 

TImfkefpers  and  other  clerks. 
UnloadinK    melting    materials.. 

("upola   or  fiiitKuf   Inlior 

Klevator   and    crawmen 

Breaking  scrap   ; 

Handling    slag    

Testing  materials  and  prodnet 
Melting  materials  stores  Mwr 
SIrkness  and  accident  relief, 
(•encral    labor    

TOT.\L     

Total    Kor\»ard    


LAST 

THIS 

MtlNTH 

MONTH 

THIS  YK.\U 
TO  DATK 
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MELTING  COST 
CONVERSION 
Month    or ^ 


POSWAKO    

MAINTENANCE  OF  PBOPERTY 

121.  BaUdlnp    

122.  Copoki  tnd  furnaces 

123.  Coovcrten     

124.  Elevators,   cranes   and   convejrors. 

125.  Electrical  apparatus    

126.  Pipe  and  power  lines 

127.  Platform   and   ttairvayg 

TOTAL    


SUPPLIES 

141.  AlumtnuB     

142.  Brick    , 

143.  Clay    

144.  Coke    

145.  Electrodes    

146.  rnel    oil    

147.  Ubbc     

148.  Limestooe     

149.  Uninc  materUls    

150.  Suul   

151.  MiaeellaneouB   supplies 
151  Litoalory    eipenset    , 

TOTAL    


APPOBTIONED    CHARGES 


Dcpref  latkn    . . . 
Genera]   expenses 


Power,   beat   and   light. 


TOTAL 

TOT.\L    CONVERSION    COST. 

METAL    COST 
MKTAL8 

Pif  iron 

Porcfaased  scrap   

Iron   scrap    

Ferro   wsncincy    

Pcno   sllleon    

Iron  ore    

TOTAL  METAL  COST 

TOTAL    BfELTING    COST.... 


To  WORK-IN-PROCESS  account 
Total  poured 

Ibt.   9   per  lb 

U  PB0F1T  AND  LOSS  ACCOUNT. 


LAST 
MO.NTH 


THIS 
MONTH 


THIS  YEAR 
TO  DATE 
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MOLDING  BURDEN— DIRECT  LABOR 


INDIRECT  LABOR 


201. 
202. 
203. 
204. 
20S. 
206. 
207. 
208. 
209. 
210. 
211. 
212. 
213. 
214. 
215. 
216. 
217. 
218. 


Foreman    and    assistants 

Timekeepers    and    other   rlerks 

Ctfttinf   sand   and    preparing    floo-s... 

dosing    and    eUmping    molds 

Drying   molds    

Rimner    cups    

Broken  molds  

Carrying   patterns    iind    flasks 

^(wirlm;     

Sbakini!    out     

Taking  out  refuse  and  scrap 

Cleaning   and   «E\veepint( 

Crane    operator    

Idle  time   

Sickness   and   accident    relief 

Pattern    storage    lal>or 

Expenses   due    to   errors   and   defects. 

General    labor    

TOTAL     


MAINTENANCE   AND   SUPPLIES 


221. 
222. 
223. 
224. 
225. 
226. 
227. 
228. 
229. 
230. 
231. 
232. 
233. 
234. 
235. 
236. 
237. 
238. 


Buildings    , 

Molding   machines    

Jarring    machines 

.\!r   hoists    

Cranes     , 

Electrical   apparatus 

Shop    fixtures 

Pipe   and    power  lines 

Small  tools    

Gaggers,    chills,    chaplets.    and    bolts. 

Nails     

Lamp    bulbs     •. 

Patterns    

Molding    sand    

Flasks     

Nondurable  tools    

Metal  arbors   and   cores 

IfifeeUaneous   suppUei   and   expenses. 
TOTAL    


1.A81 
MO.NTII 


APPORTIONED   aiARGF.8 

Bonus     

Depreciation     

General   expense    

Insurance     

Pattern   expenses    

Power,    heat    and   light 

Taxes     

TOTAL     

TOTAL    MOLDING    BURDEN. 


To   WORK-IN-PROCESS    accotmt 

(§)                      %   of  productive   labor, 
'mre   to  PROFIT  AND   LOSS   account 


THIS 
MONTH 


THIS  YEAR 
TO  D.VTE 
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MOLDLNG  BUBDEN— MACHINE  HOUR 

Month    of 

LAST 


DIRECT   CHARGES 

251.  Ifaintcnanee   of   molding   machines. 

252.  ^blntentnce   of  jarring   machines.. 

TOTAL     


APPORTIONED   CHARGES 

Depreciation    

Power,  ligfat  and  beat 

TOTAL     

TOTAL     MOLDING     BURDEN— MACHINE 
HOUR    


Tto   WORK-IN-PROCESS    account 

hn.  ^  per  hour. 


Balaooe  to  PROFIT  AND  LOSS  acoount. 


MONTH 


THIS 
MONTH 


THIS  YEAR 
TO  DATE 


IF  USED  SEPARATELY 
MOLDING  SAND  COST 


Month    op 

THIS 
MONTH 

TB18 
MONTH 

234-1    Moldli«  sand    

LAST 
MONTH 

THIS  YEAR 
TO  DATE 

234-2    Unloading   molding   sand 

234-3    Mixing  molding  sand 

234-5    Miscellaneoot  supplies    

234-6    Mlscenaneooi   expenses    

TOTAL    

Tb   WOBK-IN-PROCESS   aeeoont                             Iba. 
metal  poured  9                             per  pound 

Balance   to  PROFIT  AND   IX)SS 

FLASK   COST 
Month    of 

235-1    Wood  flasks  and  bottom  boards 

LAST 
MONTH 

THIS  YEAR 
TO  DATE 

235-2    Snap  flasks   and   JackeU 

135-3    Metal  flasks    

235-4    Flask    platet    

TOTAL     

To   WORKIN.PROCRSS   account                               lbs. 
good  castings  @                              per  poimd 

Balance   to  PROFIT  AND   LOSS 
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CORBMAKING  BURDEN- 
Month  of 


DIKSCT  LABOR 


LABOR 
301. 
302. 
308. 
304. 
305. 
306. 
307. 
308. 
309. 
310. 
311. 
312. 
313. 
314. 


Foremen   and   asslsUnts 

Timekeepeif   and   other  clerks... 

Inspecting   cores    

Unloading  core  sand 

IVlwellng  and  mixing  core  sand. 

Loading  and  tending  orens 

Handling   cores    

Repairing    cores     

Crane    operator    

Storing    cores    

Sickness  and   accident   relief 

Exp.  due  to  errors  and  defects. 
General   labor    


TOTAL 


MA1NTB.\ANCE  AND  SUPPLIES 


321. 
322. 
323. 
324. 
325. 
326. 
327. 
328. 
329. 
330. 
331. 
332. 
333. 
334. 
335. 
336. 
337. 
338. 
339. 


Buildings    

Coremaklng   machines    

Sandmlxlng   machines    

Electrical    apparatus    

Core  ovens   

Shop  fixtures   

Pipe  and  power  lines 

Cranes    

Plates   

Small  tools    

Core    boxes    , . . . . 

Fuel   consumed    

Core   sand    

Clay    

Core  compound  and   oil 

Flour    

SUica  wash    

Rods,    wires,    nails 

Misc.    supplies  and   expenses. 
TOTAL     


APPORTIONED   CHARGES 

Bonus     

Depreciation     

General   expenses    

Insurance     

Pattern   expenses    

Power,   heat   and   liglit 

Taxes   

TOTAL    

TOTAL  COHEMAKING  BURDEN. 


To    WORK-IN-PROCESS    account 

%  of  Prodoetlfe  labor. 
Balance   to  PROFIT  AND  LOSS  account.. 


LAST 
MONTH 


THIS 
MONTH 


THIS  YEAR 
TO  DATE 
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COREM.\KING  BURDEN— MACHINE   HOUR 

MOXTH    OF 


DIRECT  CHARGES 

851.    Bfaloteoaoee  of  corenaklnc 
APPOmONED  CHARCB» 

DeiireelaUoQ    

Power,  Ucht  and  beat 

TOTAL  

TOTAL  BURDEN  MACHINE  HOUR. 
To    WORK-IN-PROCESS    account 

^  per  hour 

Bakoco   to  PROrrr    AND   LOSS 


bn. 


LAST 
MONTH 


THIS 
MONTH 


THIS  YEAR 
TO  DATE 


FINISHING  COST 
MoxTH  or 


LABOR 
401. 
40S. 
403. 
404. 
405. 
406. 
40T. 
408. 
400. 
410. 
411. 
412. 


PoreiBen   and   aisist«nts 

Tlnekeepen  and  other  cleria 

Inapecton    

Crane   operator    

Handllnc  good  product 

Taking  out  refiae  and  acrap 

Cleaning  and  iveeplng 

Unloading  mlscellaneoui  naterlali.. 
I^penfe  due  to  eirors  and  defects. 

Skkneit  and  accident  relief 

General  labor  

Sblpplng  expense  labor 

TOTAL 


MAINTENANCE  AND  SUPPLIES 

43L    BuOdlngB    

43S.    TuBblen    

423.  Grinders    

424.  MadilnefT  

425.  Air  tooU    

42«.    ftanes     

437.  Qectrlcal   apparatus    

438.  Sand  blast  apparatus 

429.  Cutting  and  velding  equipment. 

430.  Sbop  fixtures   

431.  Pipe  and  power  lines 

432.  Other  equipment   

483.    Sand  for  sand  blast 

434.  Noo^Iufable  tools    

435.  Bleetrle  lamw  

43«.    Bmerr   vbeds    

437.  Ckfblde,  hjrdrogen  and  oxygen.. 

438.  We]dli«  material  

430.    Shipping   ciperae    materlabi 

440.  Inspectioo    

441.  Other  materials  and  expenses.. 

TOTAL  

Total  Forward  


LAST 
MONTH 


THIS 
MONTH 


THIS  YEAR 
TO  DATE 
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FINISHLNG  COST 
MOXTH    OF 


FORWARD    

APPORTIONED    CHARGES 

Bonui    

DepradAtloQ    

Oawral  apenM  

Insunnce  

Pomr,  beat  and  light... 

Tues   

TOTAL    


DIRECT  OPERATIONS 

Caulkinc    

Chipping    ' 

Cleaning    

Cutting    

Grinding    

Sand  blaating 

Welding   

Etc    


TOTAL     

TOTAL   FINISHING   COST. 


To   WORK-IN-PROCESS    aceount  ® 

%  of  total  molding  and  core  pro- 

duetire   labor    

Balance  to  PROFIT  AND  LOSS  account 


LAST 
MONTH 


THIS 
MO.NTH 


THIS  YEAB 
TO  DATE 
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ANNEALING  COST 

MOKTH     OP 


501.    Fomun    

501    Oven  UodeiB    

503.    PtcUoc  labor    

PaekSof  nttcrlals    

ae  to  eirors  and  defects. 


504. 
505. 
506. 
607.' 
508. 
509. 
510. 
511. 
512. 
513. 


FDel 


of  oveni 

Malnteoaoee  of  electrical  apparatot 

of  bufldlngs 

of  niscellaneoui  equipment. 

Sheet  Iroo  used  in  muffle  furnace 

Miseellaneoas   supplies    

TOTAL     


APPOBTIONED  CHARGES 


Depredation 


Pnrer.  heat  and  llieht 

Tnw  

TOTAL     

TOTAL    ANNEALING    COST.. 
Ti  W0RK-IN-PBOCBS8  account 
teb  of  Ibt.   good 

a  lb 

Uanee  to  PBOFIT  AND  LOSS  account. 


LAST 
MONTH 


THIS 
MONTH 


THK  TEAS 
TO  DATE 


POWER.  HEAT  AND  LIGHT  EXPENSES 

MOKTH     OF 

LAST 
MO.NTH 


ML 

Power  plant  and  lubsUtion 
Uainteoaoee  of  power  plant 
Uaintenance  of  snbsUtlon  i 
Oils  and   waste 

labor 

601 
603. 
604 

equtpmeni 

»quipment 

605 

Bleetrte  lampo  

606 

607. 
608. 
609 

MalotensDce  of  power 
Malotoance  of  boiler 
Cunot  purcbaaed    ... 

pUnI 
and 

t  buildings 

610 

M*seel]aDeou8  eipeose 
TftTAf.     

TVprndatlon r  t  r 

LumiMw       

Tiss 

TOTAL     

TOTAL   POWER,    HEAT 
PENSBS    

AND   UOHT   EX- 

THIS 
MONTH 


THIS  TEAR 
TO  DATE 
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POWER,   HEAT   ANU  LIGHT  EXPENSES- -OmUnued 


Amuf erred  to  followins  tccounti: 

MeUlQC  cott  % 

Molding  Burden— Direct  Ubor % 

Moldlnc    Borden — Machine    Hour % 

Coremakbif  Burden— Direct   Labor.. 
CorantUnff  Bvden— Machine  Hour. 

rinlfhlm  coit    

Annealing  cost    

Pattern    ibop    expenae 

General   expense!    


% 
% 
% 

% 
% 
% 


100% 


LASr 
MONTH 


THIS 
MONTH 


THIS  YEAR 
TO  DATE 


PATTIRN  SHOP  EXPENSES 

Month    oy 

LAST 
MONTH 


701. 

702.    Alterations  and  repairs  to  patterns 

70S.    Alterationf  and  repairs  to  core  boxes 

704.  Making  new  or  replacing  old  wood  flasks... 

705.  Maintenance  of  snap  fluks 

706.  Maintenance  oT  buildings 

707.  Mainteoaoce   of   machinery 

708.  Maintenance  of  shop  flxttires 

709.  Miscellaneous    lumber    

710.  Noodorabto   tooU    

711.  Miscellaneous  supplies  and  expenses 

TOTAL     

T0T.\L  PATTERN   SHOP   EXPENSES.... 


Transferred  to  following  accounts: 
Value  in  Account  702  to  Account  233 
Value  in  Account  703  to  Account  331 
Value  in  Account  704  to  Account   235-1 
Value  in  Account  705  to  Account  235-2 

Residue  of  $ to 

Bloldlng   burden    % 

Coremai^in;  burden   % 

100% 


THIS 
MONTH 


THIS  l^AK 
TO  DATE 
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801. 
802. 
803. 
804. 
805. 
806. 
807. 
808. 
809. 
810. 
811. 
812. 
813. 
814. 
815. 
816. 
817. 
818. 

819. 
820. 
?21. 
S22. 


GE.NERAL  EXPE.NSE8 

Month    op 

LAST 
MONTH 
Salariei— Deptrtment   Hetds    .. 

Salaries— Clerical     

Yard    labor    

General  labor  

General    repair    men 

Sickness  and  accident   relief... 

Printing   and    stationery 

Office  supplies   

lYareling    eipenses    

Telephone    and    telegrapli 

Car  denurrage   

General   stores   expenses 

Watdoien's  expense    

Blaeksmitb   shop  expense 

Repair   department   expense.... 
Trocking   or    teaming   expense.. 
Maintenance  of  office  buildlnc. 
Maintenance  of  buildings  and  equipment  (gen- 
eral)      

Maintenance  of  yards,  fences  and  grounds. 

Maintenance   of   tracks 

Bcpain  on  returned  material 

MiscellaneoQs  expenses   

TOTAL    


.vFPormo.vED  chabges 


Depredation    

Intwanee     

Taxes     

General  ebirge 

(If  a  part  of  a  company  of  many  departments.) 

TOTAL     

TOTAL  GENBRAL  EXPENSES..... 


IViDafeffTed  to  following  accounts: 
Me!tii«  cost  


CflvciBaking  burden 
Wnhtffcing  cost  . . . . 
.%nnealing  cost    ... 


% 


% 
% 


100% 


THIS 
MONTH 


THIS  YEAR 
TO  DATE 
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MOKTBLY  COMPABISONS 

The  following  monthly  comparative  statistical  reports  should 
be  compiled  and  are  derived  from  the  monthly  reports  previ- 
ously mentioned: 

Comparative  Cost  of  Melt 

1919  MCTAL  POURKD  COST  OK  MELT  COST  PER  POUND 

MONTH  MONTH  TOTAL  MONTH  TOTAL  MONTH  AVERAGE 

Jan. 
Feb. 
Mv. 
Apr. 
May 
June 
July 
AoK. 
Sept 
Oct. 
Nor. 
Dee. 

Comparative  Cost  of  Conversion 

1919  MCTAL  POURED  CONVERSION  COOT  COST  PER  POUND 

MONTH  MONTI!  TOTAL  MONTH  TOTAL  MONTH  AVERAGE 

Jan. 
Feb. 
Mar. 
Apr. 
May 
JtDe 
July 
Aug. 
Sept. 
Oct 
Nor. 
Dec. 

Comparative  Per  Cent  Molding  Burden — Direct  Labor 
To  Direct  Labor 

1919  DIRECT  LABOR  MOLDLNO  BURDEN  DEPAHT3fENT  % 

MONTH  MONTH  TOTAL  MONTH  TOTAL  MONTH  AVERAGE 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aui. 
Sept 
Oet. 
Nor. 
Dec. 
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Comparative  Cost  Molding  Burden — Machine  Hour 
To  Actual  Machine  Hours 

1919  ACTUAL  MCU.  HOURS  l^UCHINE  COST  COST  FEB  HOUB 

MONTH  MONTH  TOTAL  MONTH  TOTAL  MONTH  AVEBAGE 

Jan. 
Ttb. 
Mtf. 
Apr. 
May 

iOM 

inly 
A««. 

amt 

Oct 
Km. 

Dm. 


Comparative  Molding   Sand   Cost 


1919 

METAL  POURED 

SAND  COST 

COST  PER  POUND 

MONTH 

MO.NTH            TOTAL 

MONTH            TOTAL 

MONTH            AVERAGE 

nt. 

Mv. 

Apr. 

Jtf? 


Oct. 
Nw. 
Dre. 


Comparative  Flask  Cost 


1919  GOOD  CASTINGS  FXASK  COST  COST  PER  POUND 

MmiTH  MONTH  TOtAL  MONTH  TOTAL  MONTH  AVERAGE 

ftb. 
Mk 
Apr. 
Miy 


Oct 

Sov. 
Dm. 
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Comparative  Per  Cent  Coremaking  Burden — Direct  Labor 
To  Direct  Labor 

COREMAKING  BURDEN  DEPARTMENT  % 

MONTH  TOTAL  MONTH  AVERAGE 


1910 

DIRECT  LABOR 

MONTH 

MO.NTH             TOTAL 

Jao. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept 

Oct. 

Not. 

Dee. 

Comparative  Cost  Coremaking  Burden — Machine  Hour 
To  Actual  Machine  Hours 

1919  ACTUAL  MCH.  HOURS  MACHINE  COST  COST  PER  HOUR 

MO.NTH  MONTH  TOTAL  MONTH  TOTAL  MONTH  AVERAGE 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Not. 
Dec. 


Comparative  Per  Cent  Finishing  Cost  to  Molding  and  Core 
Direct  Labor 

1919         MLDG.  k  CORE  PROD.  LABOR      FINISHING  COST  DEPARTMENT  % 

MONTH  MONTH  TOTAL  MONTH  TOTAL  MO.NTH  AVERAGE 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Not. 
Dee. 
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Comparative  Annealing  Cost 

1919  GOOD  CASTINGS  ANNEAL  COST  COST  PER  POUND 

MONTH  MONTH  TOTAL  MONTH  TOTAL  MONTH  AVEBAGE 

Jul 
rdL 
Star. 
Apr. 

JOM 

July 
Aur. 
Sept 
(ki. 
Xw. 
D«e. 
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AMERICAN   FOUNDBYMKN'S   ASSOCIATION 
PROFIT  AND  LOSS  ACCOUNT 

MoDth  or  1910 

(Credits  Bed- -Debits  BUck) 

Total  to  Current  I^l 

Date  Month  Month 

SALES— CASTLNG8 

Cost  of  castinss  sales 

Total  

MISCELLANEOL'S   SALES 

('u.>t  of  miscellaneous  sales 

Total  

TOTAL   

I«es8  freight  out  on  sales 

GROSS  PROFIT 

PLANT  BALANCES 

Melting  cost    

Molding  burden — direct  labor 

Molding   burden— machine   hour 

Coremaking  burden — direct  labor 

Coremaking  burden — machine  hour 

Ffliishing  cost   

Annealii^  cost  

Mending   sand   cost 

Flask  cost  

Total  Plant  Balances 

NET  MFG.   PROFIT  FORWARD 

ADMINISTRATIVE  EXPENSE 

Executive  salaries  

Offlce   salaries    

Office   supplies   and   p\.vih.t. 

Traveling  expenses    

Association  dues    

Charities  

Miscellaneous    expenses     

Total    atlminiftrntiie     

SELLING  EXPENSE 

Selling  salaries    

Commissioiis  

Trafellng  expenses   

Offlce  supplies  and  expenses 

Advertising  

Telephone  and  telegraph 

Postage  

Miscellaneous    expenses     

Total   selling   expenses 

FINANCIAL 

Interest  paid   

Interest   received    

Cash  discount  allowed  custoniers 

Cash  discount  taken  on  purchase's 

Total   ^nancial 

TOTAL  ADM.   SELLING  k  FIN.   FWD. 


Inc.  in  Red 
Dec.  in  Black 
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AMERICAN   POUNDRYBfEiN'S   ASSOCIATION 

PROFIT  AND  LOSS  ACCOUNT 

Month  or  1919 

(Credtts  Red— Debits   Black) 


ToUilo 

Current 

Ust 

Inc.  in  Red 

Date 

Month 

Month 

Dec  in  Blacit 

NhT  MANUFACTURING  PROFIT  FOR- 
WARD     

TOTAL     ADMIN.     SELLING     ft     FIN. 
FWD 

MISCELLANEOUS 
Insert  here  any  miscel.  a/cs  such  as 
Net  real  est«te  P.  or  L 

(If  any  owned  or  rented) 

I^on  on  bad  accounts 

Adjustment  a/c  

(If  any  adjustmenta  are  necessary  for 

any  purpose) 

Total  Miscellaneous  

TOTAL    ADMIN.,    8ELUNG.    FINAN- 
CIAL AND  MISCELLANEOUS 

NET  PROFIT   OR  LOSS   FOR   .MONTH 
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.\M£RICAN  FOUNDBYMEN'S  ASdOClATION 
COMPABATIVE  BALANCE  SHEET 

Month  81,  1919 

Cturent  Lait  Month  of 

Month  UstYear  Increase  Decrease 

ASSETS 

Cash  on  hand  and  In  banks 

BUls  recelTablf    

Accounts  receivable 

Inrestiiients 


Total  Current  A»sets. 


Bav  materials  and  in  process. 

Madihiery  and  equipment 

Beal  estate  and  buildings 

Total  Fixed  Aeeets. . . . 

Prepaid  insurance 

Prepaid  taxes  

Prepaid  interest  

Total  Deferred  Auets... 


Patents  

Goodwill  

Total  Intangible   A$sets. 
TOTAI.  ASSCT8    


UABIL1TIE8 

Bills  payable   

.\ccount8   payable    

Accrued  Items    

Total    Current    Lidbilitiet . . . . 

Bonds  payable  

Mortgaces  payable  

Total  Fixed   Liabilities 

Reserves    

Capital  stock  preferred 

Capital  stock  common 

Total  Capital  LiabUities 

Surplus 

Less  Inc.  and  rx.  prof.  Ux  for.. 

DirideiMb   preferred    

Dlridends  common   

Total  Surplus  Deductions. . . . 


Add  Profit*    to    (Previous   Mo.). 
Profit  for  (Current  Mo.) 

Total  Surplus  Addition 

Net  Surplus 

TOTAL  LIABILITIES   
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Use  of  Burden  and  Expense  Statements 

The  burden  and  expense  statements  contain  almost  un- 
limited opportunities  for  cost  cutting,  as  well  as  giving  the 
figures  for  the  adjusting  of  standard  rates  of  burden  for 
each   operating   department. 

The  indirect  expense  is  really  the  greater  and  more  elu- 
sive part  of  the  cost  of  product.  This  is  naturally  so,  as 
the  direct  labor,  being  charged  to  the  various  pattern  or 
order  numbers  is  in  much  more  concrete  and  watchable  form, 
and  is  of  course  the  center  of  all  piece  work,  bonus,  or  any 
other  kind  of  stimulus  producing  effort. 

But  the  overhead — ^the  burden,  for  such  it  is  in  grim  fact, 
is  not  only  the  greatest  feature,  but  is  the  most  neglected 
feature   in   the   great  majority   of   plants.    Why? 

The  most  common  reason  for  neglect  in  most  plants  is  on 
account  of  lack  of  knowledge  of  how  to  handle  burden  in 
a  manner  to  show  it  up  in  usable  form. 

It  has  been  the  aim  of  this  bulletin  to  make  this  per- 
fectly clear;  to  supply  definite  directions  which  will  permit 
anyone  to  go  ahead.  If  the  accounts  do  not  quite  fit,  anyone 
can  follow  the  principle  and  make  up  accounts  as  they  desire. 

So,  the  twofold  feature  of  this  bulletin  should  be  care- 
fully studied. 

First: — It   will  give   costs. 

Second: — It  will  give  costs  that  can  be  used  for  practical 
and  cost  cutting  purposes. 

The  monthly  comparisons  give  the  unit  costs,  and  per- 
centages for  each  month  and  the  average  to  date  for  the 
year.  Mon<^hly  figures  will,  of  course,  vary;  but  the  average 
to  date  is  the  figure  to  watch.  If  it  gets  off  very  far  from 
the  standard,  then  the  standard  will  have  to  be  changed. 
But  don't  worry  for  two  or  three  months  until  you  see  how  it 
is   really  running. 
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SECTION  VI 

JOURNAL  ENTRIES 

The  following  sequence  of  journalizing  should  be  followed 
in  order  to  distribute:  the  various  details  into  the  cost  of  pro 
duction  and  reflect  the  condition  properly  on  the  general  ledger. 

1.  Payroll. 

2.  Materials  and  supplies. 

3.  Liability  insurance. 

4.  Depreciation. 

5.  Taxes. 

6.  Fire  insurance. 

7.  Power,  heat  and  light. 

8.  Pattern  shop  expenses. 

9.  General  expenses. 

10.  Departmental  expenses. 

11.  Reversing  foundry  scrap. 

12.  Finished  castings. 

13.  Shipments. 

The   following;  pajjcs   illustrate  the  details   of   the   journal 
entries   required. 

1.     PAYROLL: 
DMt— 
Work    in    process    (direct    labor) 
Cost   of   melt    (conversion   labor). 
Molding  burden — direct  labor. 
Molding  burden — machine  hour. 
Molding  sand  cost. 
Flask  cost. 

Coremaking  burden — direct  labor. 
Coremaking  burden — machine  hour. 
Finishing  cost. 
Annealing  cost. 
Pattern  shop  expenses. 
Power,  heat  and  light  expenses. 
General  expenses. 

Credit— 
Accrued  payroll. 

Purpose — 
To    distribute    labor    charges    for    current    month. 

Source— 

Direct  labor  charges  arc  taken  from  the  molding  and  coremak- 
ing pay  r!)il  sheets  and  should  equal  the  total  of  all  direct  labor 
daily  time  tickets  filed  under  production  order  or  class  numbers 
for  the  same  period. 

Indirect  labor  charges  to  cost  and  burden  accounts  arc  obtained 
from  the  compilation  of  indirect  labor  daily  time  tickets  filed  un- 
der the  various  expense  account  numbers  as  described  in  Section 
III.  The  values  thus  accumulated  by  summarizing  the  labor  tickets 
must  agree   with  the  total  of  the  pay  roll   for  the  same   period 
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2.  MATERIALS   AND  SUPPLIES: 

Debit— 
Cost  of   melt    (Melting  and  conversion  materials). 
Molding  burden^irect   labor. 
Molding  burden—machine  hour. 
Molding  sand  cost. 
Flask  cost. 

Coremaking  burden— direct  labor. 
Coremaking  burden — machine  hour. 
Finishing  Cost. 
Annealing  Cost. 
Pattern  shop  expenses. 
Power,  heat  and  light  expenses. 
General  expenses. 
Credit-- 
Melting    Stock— metals. 

1.  Pig  iron. 

2.  Purchased  scrap. 

3.  Foundry  scrap. 

4.  Ferromanganese. 

5.  Ferrosilicon. 
General   stores. 

Any  other  controlling  material  accounts. 
Expense  ledger. 

Purpose- 
To  distribute  material  requisitions  and  expense  ledger  charges 

for  current  month. 

Source — 
These  charges  are  derived  from  a  monthly  summary  of  cupola 

or    furnace    reports,    material    requisitions    and    expense    ledger 

charge  slips   representing  materials  consumed  or  purchases  made 

during    the    current    month    distributed  'to    the    cost    and    burden 

accounts. 

3.  LIABILITY  INSURANCE: 

Dehit-— 

Cost  of  melt. 

Molding  burden — direct  labor. 

Molding  burden — machine  hour. 

Coremaking  burdens-direct  labor. 

Coremaking  burden — machine  hour. 

Finishing  Cost. 

Annealing  Cost. 

Pattern  shop  expenses. 

Power,  heat  and  light  expenses. 

General  expenses. 
Credit— 
Unexpired  insurance. 
Purpose — 

To  distribute  pro-rata  amount  of  liabiliiy  insurance  premiums  to 
current  month. 
Source — 

This  distribution  is  based  on  an  estimated  monthly  amount  suffi- 
cient to  absorb  the  yearly   total  of   liability   insurance  premiums. 


Digitized  by  VjOOQ IC 


116  American  Foundrymen's  Association 

The  pro-ration  is  based  on  the  actual  rate  of  the  wages  paid  in 
each  of  the  above  accounts. 

4.  DEPRECIATION : 

Debit— 

Cost  of  melt. 

Molding  burden — direct  labor. 

Molding  burden — machine  hour. 

Coremaking  burden — direct  labor. 

Coremaking  burden — machine  hour. 

Finishing  Cost. 

Annealing  Cost. 

Pattern  shop  expenses. 

Power,  heat  and  light  expenses. 

General  expenses. 
Credit— 

Reserve    for   plant   depreciation    (As    many   Reserve   Ac- 
counts as  desired). 
Purpose — 

To    distribute   pro-rata   amount    of    annual    depreciation   charge 
to  current  month. 
Source — 

One-twelfth  of  the  annual  depreciation  charge  distributed  to  the 
various  departments,  based  on  the  investment  in  each  department. 

5.  TAXES: 

Debit— 

Cost  of  melt. 

Molding   burden. 

Coremaking  burden. 

Finishing  Cost. 

Annealing  Cost. 

Pattern  shop  expenses. 

Power,  heat  and  light  expenses. 

General  expenses. 

(In  small  plants  this  may  all  go  to  General  Expense.) 
Credit— 
Accrued  taxes. 
Purpose — 

To   distribute   pro-rata   amount    of    estimated   accrued   taxes    to 
current  month. 
Source — 

One-twelfth  of  the  estimated  amount  of  yearly  taxes  distrib- 
uted to  the  various  departments  based  on  the  taxable  property 
in  each  department. 

6.  FIRE    INSURANCE: 

Debit— 
General  expense. 
Credit— 
Unexpired  insurance. 
Purpose — 

To   distribute   pro-rata   amount   of    fire    insurance   premiums    to 
current  month. 
•    Source — 

One-twelfth  of  the  annual  amount  of  fire  insurance  premiums. 
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7.  POWER.   HEAT   AND   LIGHT: 

Debit- 
Cost  of  melt. 

Molding  burden — direct  labor. 
Molding  burden— machine  hour. 
Coremaking  burden — direct  labor. 
Corcmaking  burden — machine  hour. 
Finishing  Cost. 
Annealing  Cost. 
Pattern  shop  expenses. 
General  expenses. 

Credit— 
Power,   heat   and    light   expenses. 
Purpose — 

To  distribute  power,  heat  and  light  expense  of  current  month. 
Source — 

The  total  of  expenses  summarized  under  group  8a,  power,  heat 
and  light  expenses,  as  described  in  Section  5. 

8.  PATTERN    SHOP    EXPENSES: 

Debit— 

Molding  burden. 

Coremaking  burden. 
Credit— 
Pattern  shop  expenses. 
Purpose — 

To  distribute  pattern  shop  expenses  of  current  month. 
Source— 

The  total  of  expenses  summarized  under  Group  86,  pattern  shop 
expenses,  as  described  in  Section  5.  The  basis  of  distribution  is 
defined  in  Section  3,  expense  routine,  under  Group  86,  Titles 
and  definitions  of  accounts,  pattern  shop  expenses. 

9.  GENERAL  EXPENSES: 

Debit- 
Cost  of  melt. 
Molding  burden. 
Coremaking  burden. 
Finishing  Cost. 
Annealing  Cost. 
Credit- 
General  expenses. 

Purpose- 
To  distribute  general  expenses  of  current   month. 

Source — 
The    total    of    expenses    summarized    under    Group    8c,    general 

expenses,  as  described  in  Section  5.    The  basis  of  distribution  is 

the  total   monthly  labor  cost   in   each   of   the  above   departments 

10.  DEPARTMENTAL    EXPENSES: 

Debit- 
Work   in   process. 
Credit — 
Cost  of  melt   (credit  account). 
Molding    burden — direct    labor    (credit    account). 
Molding  burden— machine  hour    (credit  account). 
Molding  and  sand  cost   (credit  account). 
Flask  cost    (credit   account). 
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Coremaking  burden — direct  labor  (credit  account). 
Coremaking  burden— machine  hour  (credit  account), 
nnishing  cost  (credit  account). 
Annealing  cost   (credit  account). 
Purpose — 

To  transfer   departmental   burden  and  costs   at   their   standard 
rate  for  current  month  to  work  in  process. 

Note: — ^Each  account  will  have  a  net  debit  or  credit  balance 
which  should  be  shown  each  month  on  the  profit  and  loss  state- 
ment. Actual  closing  of  these  departmental  burden  and  cost 
accounts  will  not  be  made  until  the  end  of  the  year  when  they 
will  be  closed  into  profit  and  loss.  Throughout  the  year  the 
debit  and  credit  postings  to  these  departmental  burden  and  cost 
accounts  shall  be  accumulative  totals  for  trial  balance  and  check- 
ing purposes. 
Source — 

The  total  of  all  charges  accumulated  from  all  sources  as  shown 
in  Section  V.    Cost  compilation. 

11.  FOUNDRY  SCRAP: 

Debit- 
Foundry  scrap. 
.  Credit— 
Work  in  Process. 

Purpose — 
To  reverse  scrap  value  of  bad  castings  and  sprues  accumulated 

during   current  month. 

Source — 
The  total  scrap  value  of  bad  castings  and  sprues  as  represented 

by    monthly    summary    of    inspectors'    rejection    reports    showing 

weights  of  bad  castings  and  sprues  by  classes  or  order  numbers. 

12.  FINISHED   CASTINGS: 

Debit— 

Finished  castings    (if   account  is   used). 
Credit — 
Work  in  process. 
Purpose — 

To  transfer  from  work  in  process  to  finished  castings  account 
value  of  finished  product  delivered  to  finished  castings  stores. 
Source — 

Summary  of  delivery  tickets  or  scale  reports  representing  deliv- 
ery of  finished  castings  to  stock. 

13.  SHIPMENTS: 

Debit— 

•    Cost  of  castings  sales. 
Credit- 
Work  in  process,  or 

Finished  castings    (if  account  is  used). 
Purpose— 

To  cover  cost  of  castings  shipped  during  current  month. 
Source — 

Summary   cost   value   applied   on   memoranda   of    shipment    or 
shipments  made  during  the  current  month. 
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SECTION  VII 

PLANT  INVESTMENT  CLASSIFICATION 

As  far  as  practicable  the  following  plant  investment  ac- 
counts should  be  carried  in  the  general  ledger,  the  opening 
entries  being  based  on  the  first  cost  or  replacement  value  of 
the  investment  in  each  class.  If  such  value  is  not  determinable, 
an  appraisal  of  the  physical  property  should  be  made.  The 
classification  is  intended  to  provide  more  than  an  analysis 
of  the  plant  investment  but  to  aflFord  ( 1 )  a  means  of  classifica- 
tion for  depreciation  group  rates  and  (2)  a  basis  for  classifica- 
tion of  maintenance  charges  and  (3)  a  means  of  establishing 
reserves  corresponding  to  each  plant  investment  account. 

1.  Land. 

2.  Buildings  and  structures. 

3.  Cupolas,  ovens  and  furnaces. 

4.  Piping  and  wiring. 

5.  Machinery    and    tools — cataloged. 

6.  Machinery  and  tools — miscellaneous. 

7.  Electrical    equipment — cataloged. 

8.  Electrical  equipment — ^miscellaneous. 

9.  Shafting,  pulleys,  hangers  and  belting. 

10.  Special    machinery,   jigs,    fixtures,    punches    and    dies. 

11.  Shop  fixtures  and   equipment — miscellaneous. 

12.  Railway  tracks  and  overhead  equipment 

13.  Rolling  stock. 

14.  Trucks,  teams  and  other  conveyances. 

15.  Patterns. 

16     Metal  flasks. 

17.  Office  furniture  and  appliances. 

18.  Power  plant  equipment. 

These  accounts  should  be  consolidated  for  presentation  on 
the  balance  sheet  and  shown  as  one  amount  against  plant  invest- 
ment. Corresponding  reserves  should  also  be  consolidated  on 
the  balance  sheet  and  shown  as  general  reserve  for  plant  depre- 
ciation. 

If  desired  only  two  groups  may  be  tised ;  i.  e., 

Real  estate  and  buildings. 
Machinery  and  equipment. 
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SECTION  VIII 
DEPRECIATION 

For  convenience,  the  schedule  of  depreciation  rates  given 

in  first  bulletin  is  presented  herewith  for  what  assistance  it  may 
give. 

It  must  be  borne  in  mind,  however,  that  new  government 
rulings  are  constantly  being  made  and  that  all  rulings  as  to 
depreciation  should  be  carefully  watched. 

DEPRECIATION  SCHEDULE 

When  a  piece  of  equipment  outlives  expected  life,  establish  scrip  value  and  make  no  furt'oer 
charge  for  depneciation. 

Percent 

Alarm  signal  b6xes 7Vi 

Anvils   5  to  10 

ArresUrs,  lightning  10 

Axes,  Are  10 

B 

Barrels,  steel  tumbling 10 

Bathes,  shower   10 

Bearings,  ordinary  shaft  hanger,  babbitt Expense 

Bearings,  roller,  on  line  shaft 10 

Belts,  fast  running — short  life  bells Expense 

Belts,  lacing  machines 10 

Belts,  main  and  ordinary  drive 5  to  20 

Benches,   Iron    5 

Benches,  wood  30 

Bins,   steel    5 

Bins,  wood  10 

Blackboards,  attached  to  waU 10 

Blackboards  on   irtm   standards 10 

Blower  exhaust,   laboratocy    10 

Blower  system,  furnaces  ; 5 

Boards,  directory  and  planning 10 

Boiler,   steam  power 6to7Vi 

Boiler  tube  expanders    10 

Boring  machhie,   pattern    5 

Boxes,  annealing  Bipanae 

Boxes,  tote,  steel 20 

Boxes,   tote,    wood Expense 

Buildings,  brick   2to5 

Buildings,  brick  and  wood 8to5 

Buildings,    concrete,    reinforced     ^ 2to8 

Buildings,   steel  frame,   brick   walls 2  to  3 

Buildings,  wood   5  to  10 

Bumpers   (See  jarring  machines) 10 

Burners,   gas — under  boilers 5to7H 

C 

Can,  annealing  furnace    '. 10  to  20 

Cars,  core  oven  5 

Cars,  foundry  trucking  , 10 

Oiemical  laboratory  apparatus   10 

Chutes,  loading  and  unloading 10  to  25 

Clocks   4  to  10 

Cloeets,  toilet 10 

Clutches,  friction    ,,[]  10 

Compressors,  air   !......!.  T% 

Controllers,  elect,  circuit   '.'..*.  10 

Conveyore    10  to  20 

Couplings,  line  shaft  10 

Crane  track .         *  5 
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Pereent 

CriiM.  nrim T% 

Cnnef,  tnieUns   7% 

ClQKdtt,  ftMl   6 

Gotten.   boU    5  to  10 

Gotten,  spnie 7H 

Gotten.  gtMeU  7% 

Cotttag  apptntui,  acetylene  generation s 10 

Cottloc  apparmtui,  acetylene  tools Expoise 

D 

Drin  presses,  imdtiple   '. 7% 

Drill  presRs.  onUnary   5 

Drtnktag  foontalns  10 

Dttst  coDeetinc  systems 7H 

E 

Ekfaton 7% 

Endnes.  steam  or  gas 4 

RitMiist  heads   5  to  10 

Eitraeton,  oil  ^ . . . .  5 

F 

Fans,    rentJlating    7^ 

Feeden.  boiler  compound  7% 

Ffhtn,   oU    5 

Fire   appsratoi    10 

Flasks,  alonrinum    10 

flasks,   cast  Iron    335^ 

Flasks,  snap  steel    12% 

Flasks,  wood   Expense 

Flasks,   vood,    snap,   metal   bound 20  to  Expense 

Fonei  : 5 

Fomaea,   aonealtng    10 

Fmaeet.  cniclble — pK  7% 

Furaaees,  cupola— steel  5 

Fomaees,    electric    5  to  7% 

Fmaees.  open-hearth   10 

Faultore  and  flxtiim,  general    10 

G 

(kces,  steam   recording    5 

Oaogei,  steam   10 

GlasBware,  laboratory    Expense 

GhK  beaten    10 

Geoeraton,    electric    5 

Orlnden,  beocfa,  for  castings 7% 

Grtnden.  hand  ah-   20 

Grtnden.   band  electric    20 

OMnden,   swing  for  castings 10 

Grtnden,  tool   ; .  6 

Guards,   for  machines,   belts,   etc 10 

H 

Hangen,   shaft    4 

Heatcn.  boiler  feed  water 5 

Hesten,   foundry   pot 10 

Heating  systems,   hot  air  blower 0 

Hcattof  systems,  steam   4 

Uolstt.  air  and  hand 7% 

Hoists,  electric   10 

Hoods,  safety  grinding   wheel 5 

Hose,   air    Expense 

Hose.   Are    20 

Hose,  foundry   10 

Hsse,  ladden,  straps,  etc 10 

I 

Injeoton.    boiler    10 

Instnmiente,   cnghieering  snd   draughting   department 
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J 

.   .  P»e«t 

Jacketf   for   noldf Bip«M 

Jacki,  hand  10 

Jackt,   hydmulle    5 

Jarring  macfatawf 10 

K 

KetUea.   cast   Inn    10 

L 

Laboratory  eqtdpnent.  except  ghasvare T% 

Laboratory  eqii^Miieot,  glaaaware Ezpcnie 

Laddera ,    wood    Expenae 

Laoten.   Are    20 

Latbea    5 

Latatorles     5 

Lightning  amaten    10 

Loekert,   iteel    5 

M 

Machineiy.   general    5  to  10 

Meten.    electric    5 

Meten,   oil    TH 

Meten.   ftean   flow    10 

Milling  macbinea.   accordbg  to  kind 6  to  7% 

Mtxen,   sand,   Brougbton   type 10 

ailxenr,  sand.  ChUe  inlU 7% 

Molding   nadilnes.    beocfa.    Adams 7% 

Molding   machines.    Beriuhire    7H 

Molding  machines,   rockorer 5 

Motors,   electric    5 

0 

Oil  separators   5 

Ofens.    core,    brick 10 

Orens,    core,    steel 10 

Orens.   dryii«.   brick    10 

Orens,  drying,   concrete    5 

P 

Pans,  steel  tote    10 

Patterns     10  to  Bxpeoae 

Pipe  machine  6 

Piping,  air 6 

Piping,  fuel  oil.   overtiead 5 

Piping,   fuel   oil.    underground 5  to  10 

Piping,  water  and  steam 6  to  7H 

Planers,  iron  and  wood 6 

Phttes.    core    20  to  Expcote 

Platforms   for  elevafting   trucks Expenae 

Platforms,  unloading  10 

Plating  machine,  barrel    10 

Pulleys,    friction    clutch    10 

Pulleys,   plain   and   split 5 

Pumps,    centrifugal    water:   if   constaniiy   used 20 

Pump  governors   5 

Pumps,   hydraulic    5 

Pumps,  steam    5 

Pyrometers,   thermoelectric    7% 

NOTE:     Piping   underground— life  goiremed   by   use   and   character  of  protection. 

R 

Racks,  iron  core   5 

Racks,   iron   for  iron  and   steel  storage 5 

Racks,  iron,   tool  and  tray 5 

Racks,   revolving   iron    10 

Racks,   wood    10 

Regulators,  feed  water   5 

Regulators,    voltage     10 

Riddles,    sand,    core    shop 20 

Rumblers.  steel   7% 
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s 

Percent 

atfety  devkes  } J 

8ud  blMt  equHNDeot   „     10 

Sud  Btier   See  M 

atm,  bud,  blades   Expose 

8ms,   bud.   nadilne » 

8«w,    power    J 

ScOes.   domut    7% 

SttlcM.   plttform    ^. 10 

Sewers    .•....>•••••«• *7% 

HhaftliU   and  haogen    4 

Sbapers     J 

SbdTinc,  steel 5 

Bbelfliic.    wood    5  to  26 

81ciml  boses    T% 

Stalks    10 

8Up  Jaefcets  and  bands  for  noMi BqMose 

Sprinkler  system    3  to  7% 

Sprae   cotters 7% 

Stacks,    boiler    ud    core    orena— steel 5  to  10 

Stacks,  brick « 

Stands,   iron    5 

Studs,  wood  10 

Steaa  separators  10 

Steaa  traps  7% 

Stnlcbteoer  for  castlncs 10 

Switch  booffdi   4 

T 

Tables,  corenakers'   7% 

Tkblcs.  wood,  general    10 

Tabla,   wood.    Iron   corered 7% 

Tanks,  iron  add   16 

Tanks,  iron  air  and  oil 5 

Tanks,   lire   bucket    10  to  25 

Tuks,   water,   cement    6 

Tanks,  water,  Iron   10 

Tanks,  wood  10  to  26 

Teatlnc  macbtaies.  tensile  5 

Tool  stands   See  8 

Toob.  saall  4to60 

Tractors,   electric    10 

Ttansfomen,    electric   power 4 

ThKks.  baml    26 

Trucks,  electric   10 

Ttocks,  elevating 10 

Itoeks,   iron  frame,   4-«tieel 10 

Tracks,  wood,  band   25 

Trucks,  wood,  4rWheel   12% 

TombUng  barrels— (See  rumblers)    7% 

TwDtables    10 

V 

Vahes,  back  prcvore  5 

Vahes,  reducing   7% 

Valves,   disk,  bms 7% 

Valves,   gate,   bms    6 

Vahes,  gate,  iron  10 

Vises    10 

W 

Welding  apparmtuB.  acetylene,  genenitioo 10 

WekUng  apparatus,  acetylene,  topIs Eipenn 

WekUng  apparatus,   electric,  generatioo 6 

Wbed   barrows 50 

Wire  cutters    10 

Wire  measuring  machine 6 

Wire  straigbtener    6 

Wiring  and  flitwes.  Ugbtlng 7%  to  10 
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SECTION  IX 
GENERAL  LEDGER  ACCOUNTS 

The  schedule  of  general  ledger  accounts  on  the  following 
pages  is  such  as  would  be  required  to  reflect  the  details  of  an 
average  foundry.  Sub-accounts  or  additional  accounts  should 
be  added  to  represent  classes  of  transaction  special  to  any 
particular  foundry.  The  schedule  and  definitions  are  merely 
illustrative  of  the  principles  involved. 

The  accounts  appear  under  the  following  groups  which 
are  in  the  sequence  required  for  presentation  on  the  balance 
sheet  and  profit  and  loss   statement. 

1.  Current  assets. 

2.  Inventory    assets. 

3.  Fixed  assets. 

4.  Deferred  assets. 

5.  Intangible  assets. 

6.  Current  liabilities. 

7.  Fixed    liabilities. 

8.  Reserves. 

9.  Capital  liabilities. 

10.  Surplus  and  profit   and   loss   accounts. 

11.  Financial    profit    and    loss    accounts. 

12.  Operating  expense  accounts. 

13.  Sundry  general  ledger  accounts. 

The  following  detailed  accounts  are  suggested  for  the  gen- 
eral ledger.  These  may  be  amplified  as  much  as  desired,  or 
as  the  business  demands. 

1 — Current  Assets: 

1 — Cash  in  bank    (an  account   for  each  bank). 

2— Petty  cash. 

3 — Notes  receivable. 

4 — Accounts   receivable. 

5 — Bonds  and  other  investments 
2 — Inventory  Assets: 

1 — Melting  stock  metals. 

2 — General  stores   Cor  as  many  as  desired). 

3 — Finished  castingfs. 

A — ^Work  ill  process. 
3 — Fixed  Assets: 

1 — Machinery  and  equipment. 

2 — Real  estate  and  buildings. 
4 — Deferred  Assets: 

1 — Unexpired  insurance. 

2 — Unexpired  taxes. 

3 — Prepaid  interest. 
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h—Intangible  Assets: 

l—Patcnts. 

2 — Good  will. 
G— Current  Liabilities: 

1 — Notes  payable. 

2 — ^Accounts  payable. 

3 — Accrued  payroll. 

A — Accrued  taxes. 

5 — Accrued  commission. 

6— Accrued  interest. 
7^Fixed  Liabilities: 

1 — Bonds  payable. 

2 — Mortgages  payable. 
8 — Reserves: 

1 — Reserve  for  depreciation  on  machinery  and  equipment. 

2 — Reserve  for  d'^preciation  on  buildings. 

3 — Reserve  for  bad  debts. 
9— Capital  Liabilities: 

1 — Capital  stock — preferred. 

2 — Capital  stock— common. 

10— Surplus  and  Profit  and  Loss  Accounts: 

1 — Surplus. 

2 — Income  and  excess  profits  account. 

3 — Dividends — preferred    stock. 

A — Dividends— common  stock. 

5 — Profit  and  loss 

6— Adjustment  account. 

7 — Castings  sales. 

8 — Cost  of  castings  sales. 

9 — Miscellaneous  sales. 
10 — Cost  of  Miscellaneous  sales. 
11 — Freight  out  on  sales. 
12 — Administrative  expense. 
13 — Selling  expense. 
II — Financial    Profit   and    Loss    Accounts: 
1 — Interest  received. 
2 — Discount  {Sikcn. 
3 — Interest  paid. 
4 — Discount  given. 
5 — Interest  on  investments. 
12 — Operating  Expense  Accounts: 

1 — Cost  of  melt. 

2 — Cost  of  melt  credits. 

3 — Molding  burden — direct  labor. 

4- -Molding  burden — direct  labor  credits. 

5— Molding  burden — machine  hour. 

6— Molding  burden — machine  hour  credits. 

7 — Molding  sand  cost. 

8 — Molding  sand  cost  credits. 

9— Flask  cost. 
10— Flask  cost  credits. 
1 1— Coremaking  burden — direct  labor. 
12 — Coremaking  burden— direct  labor  credits. 
13 — Coremaking  burden— machine  hour. 
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14 — Coretnaking  burden — machine  hour  credits. 
IS — Finishing  cost. 
16 — Finishing  cost  credits. 
17 — Annealing  cost. 
18 — ^Annealing  cost  credits. 
19 — Power,  heat  and  light  expense. 
20 — Pattern  shop  expense. 
21 — General  expense. 
22— Expense  ledger. 
13 — Sundry  General  Ledger  Accounts: 

1~CURRENT  ASSETS 
(\'1)'-Cash  in  Bank: 
Debits— 

(1)  Open  the  account  with  the  amount  of  cash  in  bank; 

(2)  Total  amount  of  cash  deposited  during  the  month. 
Credits — 

(1)     Total  amount  of  checks  issued  during  the  month. 
Balance — 

Represents  value  of   cash   in  bank  at   end  of   month.    Should 
be    reconciled    with    bank's    statement    to    determine    outstanding 
checks  and  uncredited  deposits. 
(1-2)  -P^//3^  Cash: 
Debits— 

(1)     With   the  value  of  checks   drawn   to  create  or  to   increase 
the  amount  of  cash  on  hand  to  cover  petty  expenses  for  a 
short  period. 
Credits — 

(1)     With  any  decrease  in  the  amount  on  hand. 
Balance — 
Represents  amount  set  aside  for  petty  cash  disbursements. 
(1-3) — Notes  Receivable: 
Debits^—     . 

(1)  Open  the  account  with  the   face  value  of  promissory  notes 

and    acceptances    oi)    hand; 

(2)  Notes  and  acceptances  received; 

(3)  Notes   renewed. 
Credits — 

(1)  Payments  on  notes  receivable  and  acceptances; 

(2)  All  notes   and   acceptances   sold   or   otherwise   disposed    of; 

(3)  All  notes  renewed. 

Balance — 

Represents   value   of    all   notes    receivable    and   acceptances    on 
hand. 
( 1-4) — Accounts  Receivable : 
Debits— 

(1)  Open  the  account  with  the  total  of  individual  customers'  ac- 

counts in  the  accounts  receivable  ledger. 

(2)  The  total  charges  to  customers  as  represented  by  postings  on 

sales  register. 
Credits — 
(1)     Total    payments    received    from    customers,    whether    cash, 

notes  or  acceptances. 
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(2)     Allowances  to  customers,  including  cash  discount;   in  other 

words,    the    gross    settlements    with    customers. 
Balance — 
Represents  the  net  amount  due  from  customers. 
(1-S) — Bonds  and  Other  Investments: 

Dibits— 

(1)  Open  the  account  with  the  market  value  of  stocks  and  bonds 

on  hand; 

(2)  Market  value  of  other  investments. 

(3)  Cash  value  of  life  insurance  policies,  etc.; 

(4)  Cost  of  all  stock,  bonds  and  other  investments  purchased. 

Credits — 

(1)  Cost  of  stocks,  bonds  and  other  investments  sold  at  value 

carried   (profit  or  loss  debits  or  credits  profit  and  loss  on 
investments). 

Balance — 

Represents  cost  value  of  stocks,  bonds  and  other  investments 
owned  by  the  company. 

2— INVENTORY  ASSETS 

{Z-D—Melting  Stock— Metals: 
Debits— 

(\)     Open  the  account  with  the  cost  value  of  all  melting  stock 
or  metals  on  hand; 

(2)  All  purchases   of  melting  stock  metals; 

(3)  Transportation    charges    on    incoming   melting   stock   metals 

(distributable  according  to  corresponding  invoices) ; 

(4)  Unloading  charges  if  a  long  term  supply; 

(5)  Returns  to  stores  of  melting  stock  from  melting  department. 

Credits — 

(1)  All  withdrawals  of  melting  stock  metals  as  represented  by 

monthly  summary  of  metals  used; 

(2)  All  melting  stock  returned  to  vendors. 

Balance — 

Represents  the  value  of  melting  stock  metals  on  hand  and 
should  agree  with  the  aggregate  of  the  individual  stock  ledger 
sheets   or   cards. 

Xote: — The  following  sub-divisions  may  be  maintained: 

1.  Pig  iron. 

2.  Purchased  scrap. 

3.  Foundry  scrap. 

4.  Ferromanganese. 

5.  Ferrosilicon. 

6.  Other  melting  stock  as  required. 

(2-2}— General  Stores: 
Debits— 

(1)  Open  the  account  with  the  value  of  all  general  stores  mate- 

rial   (i.  e.,  other  than  melting  stock  metals)   on  hand; 

(2)  Purchases  of  additional  material; 

(3)  Transportation  charges  on  incoming  general  stores  material 

(distributable  according  to  corresponding  invoices) ; 

(4)  Returns  to  stock  of  general  stores  material. 


Digitized  by  VjOO^ IC 

^ 


128  American  Foundrymen's  Association 

Credits — 

(1)  Withdrawals  of  general  stores  material  from  stock  as   rep- 

resented by  monthly  summary  of  materials  used; 

(2)  Material  returned  to  vendors. 
Balance — 

Represents  the  book  value  of  general  stores  material  on  hand 
and    should    agree   with    the   aggregate   of    the    individual    stock 
ledger  sheets  or  cards. 
(2-3) — Finished  Castings: 
Debits— 

(1)  Open   the  account    with   the   physical   value    of   all    finished 

castings  on  hand; 

(2)  Deliveries  of   finished  castings   as   represented   by  the   sum- 

mary of  closed  production  orders — at  cost; 

(3)  Returns  of  good  material  from  customers. 
Credits — 

(1)     Material  shipped  during  the  period  as  represented  by  sum- 

mary  of   reports   of  shipments; 
Balance — 
Represents  cost  value  of  finished  goods  on  hand. 
(2-4) — Work  in  Process: 
Debits- 

(1)  Open  the  account  with  cost  of  goods  in  process; 

(2)  With    the   total   amount    of    molding    productive    labor    and 

coremaking  productive  labor   as    represented   by   the  sum- 
mary  of   time   cards   on   pay   rolls; 

(3)  With  cost  of  melt  for  the  month  at  predetermined  rate; 

(4)  With  proper  portion  of  following  expense  accounts  at  pre- 

determined rates: 

a.  Molding  burden — direct  labor, 

b.  Molding  burden — machine  hour, 

c.  Molding  sand  cost, 

d.  Flask  cost, 

e.  Coremaking  burden — direct   labor, 

f.  Coremaking  burden — machine  hour, 

g.  Finishing   cost, 
h.    Annealing   cost ; 

(5)  With   cost   of   castings   returned   by   customers    (if   finished 

castings  account  not  carried). 
Credits — 

(1)  Cost   of   castings   shipped,    if    finished   castings   account    not 

carried,  otherwise  with  cost  of   finished  castings  delivered 
to  finished  castings  stores; 

(2)  Scrap  value  of  bad  castings  and  sprues  returned  to  meltinj: 

metals  stock; 

(3)  Losses   due   to   defective   work   or    other   errors    in   service 

distributable  to  the  departmental  expense  involved. 

Balance — 

Represents  cost  of  finished  castings  on  hand  and  in  process 
(if  finished  castings  account  not  carried),  otherwise  of  castings  to 
process. 
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3— FIXED  ASSETS 
(3-1) — Machinery  and  Equipment: 
(3-2) — Real  Estate  and  Buildings: 
Debits— 

(1)  Open  the  accounts  with  the  first  cost  or  replacement  value 

of    all    permanent    plant    investment    represented    by    the 
respective  accounts; 

(2)  All  expenditures   for  permanent  additions. 
Credits — 

(1)     Value  of  fixed  assets  sold,  disposed  of  or  otherwise  taker. 

out  of  service. 
Balance — 

Represents   book   value    of    fixed   assets   against   which    as    off- 
setting accounts  are  the  respective  reserves  for  depreciation. 

4-DEFERRED  ASSETS 
(4-1 )  — Prepaid  Insuran  ce : 
Debits— 

(1)  Open  the  account  with  the  amount  of  unexpired  insurance 

premiums ; 

(2)  Subsequent    insurance    premiums. 
Credits — 

(1)  Periodical  charge  equivalent  to  pro  rata  insurance  cost  for 

period; 

(2)  All  refunds  and  cancellations. 

Balance — 
Represents  unexpifed  insurance  premiums. 
(4-2) — Prepaid  Taxes  (if  prepaid — see  6-4)  : 
Debits— 

(1)  Open  the  account  with  total  of  unexpired  taxes  paid  in  ad- 

vance; 

(2)  Subsequent  taxes  paid  in  advance. 
Credits — 

(1)     Amount  equivalent  to  one-twelfth   the  annual  tax  to  effect 
liquidation    of    monthly    charge    to    taxes    in    the    various 
expense  groups. 
Balance — 
Represents  taxes  paid  in  advance. 
(4-3)— Prepaid  Interest   (See  6-6); 
Debits— 

(1)  Open  with  balance  of  prepaid  interest; 

(2)  All  subsequent  prepaid  interest. 
Credits-^ 

(1)     With  monthly  proportions  of  interest  accrued  as  to  the  items 

entered  in  this  account  as  prepaid. 
Balance — 
Inventory  of  unused  prepaid  interest. 

5— INTANGIBLE  ASSETS 
{S-D— Patents: 
Debits— 

(1)  Open  the  account  with  the  estimated  value  of  patents  owned; 

(2)  Cost  of  acquiring  subsequent  patents  including  all  incidental 

expenses. 
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Credits — 

(1)     Pro  rata  amount  equivalent  to  one-twelfth  the  annual  charge 

for  the  extinguishment  of  patents.     (If  so  treated.) 
Balance— 

Represents  book  value  of  patents  owned. 
(5'2)^Good  Will: 
Debits— 

With  value  of  good  will. 
Credits — 

With  any  depreciation  of  same. 

Balance — 
Net  value  of  good  will  as  carried. 

6-CURRENT    LIABILITIES 
(6-1)— Notes  Payable: 
Debits^ 

(1)     Payments  reducing  the  notes  payable. 
Credits — 

(1)  Open  the  account  with   the   value  of  all   outstanding  notes 

payable ; 

(2)  All   subsequent   notes    issued. 
Balance — 

Represents  amount  owed  by  the  company  on  notes  payable. 
(6-2) — Accounts  Payable- 
Debits— 


(1)  Payments  of  accounts  payable; 

(2)  " 


With  all  contra  charges  to  vendors*  accounts; 
(3)     Value  of  material  returned  to  vendors  for  credit; 
l4)    With   amount   of    notes   given   vendors; 
(5)     With  all   trade  or  cash   discounts   allowed   by  vendors   and 

earned. 
Credits — 

(1)  Open  the  account   with   the  total   of  vendors*   or  purchase 

creditors*  accotmts; 

(2)  Total  credits  to  accounts  payable  on  the  purchase  journal. 
Balance — 

Represents    net    amount    owed    to    creditors    on    open    account. 
{6-3)— Accrued  Pay  Roll: 
Debits^— 

(1)  Amount    of    wage    and    salary   payments    made    during    the 

period  as  represented  by  cash  book  entries; 

(2)  With  amounts  paid  as  bonus. 

Credits — 

(1)     Amount    of    wages,    salaries    and    bonus    earned    during    the 

period. 
Balance — 
Represents   pay   roll    amounts    accrued    but    unpaid. 
(6-4) — Accrued  Taxes  (If  accrued — See  4-2)  : 

Debits-- 

(1)     Actual  payment  of  taxes. 

Credits — 

(1)     Monthly  amount  charged  to  operating  expense. 
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Balance — 
Represents  accrued  amount  of   taxes  accumulated  but  not  yet 
due. 
(6-5)~v4frrutfrf  Commissions: 
Dibits— 

(1)    Commissions   actually  paid  agents   or   sales   representatives. 
Credits — 
(1)    All  accrued  commissions  on  sales  billed   (or  orders  taken) 

during  the  period,  charging  selling  expenses. 
Balance — 
Represents  commissions  accrued  but  not  paid. 
(6-6)^Accrued  Interest  (See  4-3); 
Debits— 

(1)     With  interest  paid  as  to  items   entered  herein  as  accrued. 
Credits — 

(1)  Open    the    account    with    the    amount    of    accrued    interest 

unpaid 

(2)  With  amounts  accrued  monthly  on  items  where  interest  is 

accruing. 
Balance — 

Represents  accrued  interest  on  items  payable  accumulated  but 
not  yet  paid. 

7— FIXED  LIABILITIES 
{I'D—Bonds  Payable: 
Debits— 

(1)     Payments  reducing  same. 
Credits — 

(1)  Open  with  balance  of   all  outstanding  bonds; 

(2)  With  all  subsequent  issues. 
Balance — 

Represents  outstanding  bonded  indebtedness. 
(I'D— Mortgages  Payable: 
Debits— 
(1)     Payments  reducing  the  principal  of  mortgages  payable. 

Credits — 

(1)  Open  the  account  with  the  total  amount  due  on  the  princi- 

pal of  all  mortgages  payable; 

(2)  Mortgages  subsequently  issued. 
Balance — 

Represents  total  amount  owing  on  mortgages  payable. 

8--RESERVES 
(8-1) — Reserve  for  Depreciation  on  Machinery  and  Equipment: 
(8-2) — Reserve  for  Depreciation  on  Buildings: 
Debits— 

(1)     With  that  portion  of  the  cost  which  has  been  depreciated 
of  anything  replaced  or  sold. 

Credits — 

(1)     Open  the  account  with  the  amount  of  reserve  allowed   for 
depreciation ; 
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(2)     Depreciation    charge    to    departmental    or    general    expenses 
equivalent  to  a  pro  rata  amount  of  the  annual  depreciation 
charge. 
Balance — 

Represents  the  allowance  for  depreciation  of  permanent  plant 
investments  and  maintained  as  offsetting  accounts  to  the  respec- 
tive fixed  asset  accounts. 

Note: — If  the  present  net  book  value  (first  cost  less  deprecia- 
tion amount)  cannot  be  determined  for  any  particular  article  re- 
placed, the  first  cost  should  be  credited  to  the  fixed  asset  account 
and  charged  to  the  corresponding  reserve  for  depreciation.  If, 
however,  the  article  replaced  is  sold  or  otherwise  disposed  of  at  a 
scrap  value,  the  first  cost  should  be  credited  to  the  fixed  asset 
account  and  first  cost  less  scrap  or  exchange  value  should  be 
charged  to  the  corresponding  reserve  for  depreciation.  The  scrap 
value  should,  of  course,  be  charged  to  the  purchaser. 
iS'3)—^Reserve  for  Bad  Debts: 
Debits-- 

(1)     With  value  of  accounts   receivable  considered  uncollectable, 
crediting  the  individual  customers'  account  so  written  off. 
Credits — 

(1)  Open  the  account   with   an  amount   considered   sufficient   to 

cover  all  losses  on  accounts  considered  uncollectable ; 

(2)  Amount   based   on   a   percentage  of   sales  billed   to   provide 

for    losses    on    amounts    charged    during    the    period. 
Balance — 
Represents  allowance  reserved  for  losses  on  accounts  receivable. 

9— CAPITAL  LIABILITIES 
{9'\)— Capital  Stock— Preferred  Issued: 
(9-2) — Capital  Stock — Common  Issued: 
Debits— 

(1)     With  the  par  value  of  stock  returned  to  or  acquired  by  the 
company. 

Credits — 

(1)     With   the  par   value   of   stock   outstanding. 

Balance— 

Represents  the  par  value  of  issued  capital  stock  outstanding, 
preferred  and  common,  respectively. 

10— SURPLUS  AND  PROFIT  AND  LOSS  ACCOUNTS 
(lOA)— Surplus: 

Debits— 

(1)  With  the  amount  of  dividends  at  annual  closing. 

(2)  With  amount  transferred  from  profit  and  loss   (if  loss)    at 

annual  closing  period. 

Credits — 

(1)  Open  the  account  with  the  amount  of  undivided  profits; 

(2)  With  profits  made  during  the  current  year  transferred  from 

profit  and   loss  at  annual   closing. 

Balance — 
Represents  undivided  profits,  if  a  credit. 
Represents  deficit,  if  a  debit. 
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Note: — Make   tio   entries    to   surplus    account   except   at   annual 
closing  time. 
(10-2) — Income  and  Excess  Profits  Tax  Account: 
Debits— 

With  amount  of  income  and  excess  profits  tax  paid. 
Credits — 

With  any  necessary  adjustments. 
Balance — 

Represents  amount  of  income  and  excess  profits  taxes  paid. 
{lO-Z)— Dividends— Preferred  Stock: 
Debits— 
(1)     With   the   amount   of   dividends   paid. 

Credits — 

(1)     With  debit  to  surplus  at  close  of  year. 
Balance— 
Represents  dividends  paid. 
(10-4) — Dividends — Common  Stock: 
Debits— 
(1)     With  the  amount  of  dividends  paid. 

Credits — 

(1)     With  debit  to  surplus  at  close  of  year. 

Balance— 
Represents  dividends  paid. 
(lO-S)— Profit  and  Loss 
At  Annual  Closing  Time: 

Debits— 

(1)  With  debit  balance  of  cost  of  castings  sales; 

(2)  With  debit  balance  of  cost  of  miscellaneous  sales; 

(3)  With  debit  balance  of  freight  out  on  sales; 

(4)  With  debit  balance  of  administrative  expenses; 

(5)  With  debit  balance  of  selling  expenses; 

(6)  With  debit  balance  of  interest  paid; 

(7)  With  debit  balance  of  discount  given; 

(8)  With  net  amount  of  plant  balances   (Operating  expense  ac- 

counts Nos.  12-1  to  12-18  inclusive)   if  such  amounts  are 
debit  balances; 

(9)  With    debit    balance    of    adjustment    account. 
At  Annual  Closing  Times: 

Credits — 

(1)  With  credit   balances  of  castings   sales  billed; 

(2)  With  credit  balance  of  miscellaneous  sales; 

(3)  With  credit  balance  of  interest  received; 

(4)  With  credit  balance  of  discount  taken; 

(5)  With  credit  balance  of  interest  on  investments; 

(6)  With  net  amount  of  plant  balances   (operative  expense  ac- 

counts 12-1  to  12-18  inclusive)  if  such  amounts  are  credit 
balances ; 

(7)  With  credit  balance  of  adjustment  account. 

Balance — 

Represents  net  profit  or  loss  resulting  from  transactions  of  the 
period  accumulated  and  should  be  transferred  at  end  of  the  fiscal 
year  to  surplus. 
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( 10-6)  — Adjustment  Account : 
Debits— 

(1)  With  any  determinable  decrease  in  any  particular  account 

not  traceable  to  some  other  account; 

(2)  With  necessary  adjustments  of  any  nature. 
Credits — 

(1)  At  closing  periods  with  any  determinable  increase  in  any 

particular  account  not  traceable  to  some  other  account 

(2)  With  necessary  adjustments  of  any  nature. 
Balance — 

Represents   adjustments   necessarily  made. 

(10-7) — Castings  Sales: 
Debits— 

(1)  With    the    billed    amount    of    castings    returned    by    cus- 

tomers ; 

(2)  With  allowances  to  customers  as  represented  by  credit  mem- 

oranda if  a  sale  reduction; 

(3)  With  credit  balance,  transferring  to  profit  and  loss  at  annual 

closing  time. 
Credits — 
(1)    Total  casting  sales  billed  during  the  month  as  represented 

by  the  sales  register,  charging  accounts  receivable. 
Balance — 
Represents  net  sales  billed. 

(10-8)— Co^(  of  Casting  Sales: 
Debits— 

(1)    Cost  value  of  all  material  shipped  as  represented  by  sum- 
mary of  daily  reports  of  shipments. 
Credits — 

(1)  Cost  of  material  returned  by  customers  during  the  period; 

(2)  With  the  debit  balance  at  the  end  of  closing  periods  chares- 

ing  profit  and  loss. 
Balance — 
Represents  net  factory  cost  of  shipments. 

(10-9) — Miscellaneous  Sales: 
Debits— 
(1)    With   vahte  at   sale   price  of   any   returned   sales. 

Credits — 

(1)     With   sale  value   of   any  nature   other   than   castings    sales. 

Balance — 
Value  of  miscellaneous  sales. 

(10-10)— Co5/  of  Miscellaneous  Sales: 

Debits— 

(1)    With  cost  of  above  sales. 

Credits — 

(1)    With  cost  of  any  returned  sales. 

Balance — 
Net  cost  of  miscellaneous  sales. 

(lO-ll)— Freight  Out  On  Sales: 
Debits— 

(1)    With   all    payments    of    transportation    of   any    nature    for 
delivery  of  goods  to  customers. 
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Credits — 

(1)    With  necessary  adjustments. 
Balance — 
Net  cost  of  delivering  sales  to  customers. 

{10-12)— Administrative  Expenses: 

(1)    With    the    aggregate   of    charges    to    all   expense   accounts 

classified   as   administrative   expenses. 
Credits — 
(1)    With  debit  balance  at  closing  periods  charging  profit  and 

loss. 
Balance^ 
Represented   aggregate  of   administrative   expenses. 

(10-13) — Selling  Expenses: 
Debits^ 

(1)    With  the  aggregate  of  charges  to  all  expense  accounts  classi- 
fied as  selling  expenses. 
Credits — 
(1)    With  debit  balance  at  closing  periods   charging  profit  and 

loss. 
Balance — 
Represented  aggregate  of  selling  expenses. 

11— FINANCIAL  PROFIT  AND  LOSS  ACCOUNTS 
(U'l)— Interest  Received: 

Debits— 

(\)    With  necessary  adjustments. 

Credits — 

(I)    With  all  interest  received  for  balances  or  overdue  accounts. 

Balance— 
Net  interest  received. 

(11-2) — Discount  Taken: 

Debits— 

(1)    With  credit  balance,  transferring  to  profit  and  loss. 

Credits — 

(1)    With   all    cash    discounts    earned;    does    not    include   trade- 
discounts. 
Balance — 
Represents  cash  discounts  earned. 

(\\^)— Interest  Paid: 
Debits— 

(1)    At  closing  periods  with  the  amount  of  interest  accrued  for 
the  month  on  items  payable,  crediting  accrued  interest  or 
prepaid  interest 
Credits — 

(1)    With   debit  balance,   transferring  to   profit  and  loss. 
Balance — 
Represents  amount  of  interest  actually  incurred. 

Note: — If  interest  is  prepaid,  the  payment  should  be  chargi 
to  prepaid  mterest  (Acct.  4-3).  The  amount  should  be  liquidat 
in  monthly  amounts  to  apportion  the  charge  equitably  over  t 
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periods  involved.    Likewise,  watch  for  action  of  accruing  interest 
as  explained  in  Account  6-6. 

(11-4) — Discount  Given: 
Debits— 
(1)     Cash   discounts   allowed   customers — does   not   include  trade 

discounts. 
Credits— 

(1)    With   debit  balance,  transferring  to  profit  and   loss. 
Balance — 
Represents  cash  discounts  allowed. 

(11-5) — Interest  or  Dividends  on  Investments: 
Debits— 

(1)     With  necessary  adjustments. 
Credits — 

(1)     With   interest   or   dividends    received   on   investments.    This 
should    be    treated   as    separate    from    regular    commercial 
interest. 
Balance — 
Net   results   of   regular   income    from   outside   investments. 

12— OPERATING    EXPENSES 
Explanatory  Note: 

Accounts  12-1  to  12-18  inclusive  cover  the  actual  operating 
accounts;  i.  e.,  those  that  appear  in  the  actual  cost  sheet,  either 
by  pound  or  percentage. 

If  reference  is  made  to  the  skeleton  statements,  it  will  be  noted 
that  "Total  to  Date"  is  used,  both  in  the  body  of  the  statement 
and  in  the  comparative  monthly  statement. 

It  is  quite  evident,  therefore,  that  if  we  should  have  but  one 
account  for  each  burden  and  cost  statement,  and  credit  this  with 
the  transfer  at  predetermined  rates  to  work  in  process,  we  would 
have  no  easy  way  of  securing  our  "To  date"  figures. 

In  order  to  make  this  easy,  we  have  two  ledger  accounts  for 
each  expense  or  burden  account. 

One,  bearing  simply  the  name  of  the  account,  is  for  debits  only, 
except  where  a  credit  is  necessary  to  adjust  or  correct  the  debits. 

The  other,  bearing  the  account  name  followed  by  "Credits," 
is  for  credits  only  of  the  transfers  to  work  in  process,  except 
when  a  debit  may  be  necessary  to  adjust  or  correct  the  credits. 

The  result  of  this  is  that  we  have  an  accumulating  figure  for 
each  kind  of  account  which  gives  us  from  the  general  ledger  trial 
balance  the  figures  to  use  in  our  statements  of  "Total  to  Date" 
the  monthly  figures  coming  from  our  footings  for  the  month's 
transactions,  which  must  balance  with  the  entries  for  the  month 
in  the  ledger  account  controlling  each  expense  account. 

It  is  quickly  seen,  therefore,  that  the  difference  between  the 
"debit"  and  "credit"  account  for  each  expense  account  is  the  over 
or  under  absorbed  expense,  and  will  and  must  agree  with  the 
monthly   statements. 

«     «     «     «     «     41 

Accounts  12-19  to  12-22  inclusive  need  but  a  single  account  as 
they  arc  to  be  entirely  closed  out  each  month,  being  simply  col- 
lective accounts  as  a  medium  to  split  down  these  expenses  to  the 
actual  operating  accounts. 
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{\2-\)—Cost  of  Melt: 

Debits— 

(1)  Melting  stock  metals  used  (requisitions). 

(2)  Labor   (time  cards). 

(3)  Miscellaneous  materials    (requisitions). 

(4)  Charges  direct  from  purchase  register  (expense  ledger  charge 

slips). 

(5)  Apportioned  charges. 
Credits — 

(1)     Adjustments   of   debits  only. 

{\2-2)—Cost  of  Melt— Credits: 
Debits— 

(1)     Adjustments  of  credits  only. 
Credits — 
(1)     Value  of  metal  poured  at  the  standard  predetermined  rate. 

(\2'3)— Molding  Burden — Direct  Labor: 
Debits— 

(1)  Labor    (time  cards). 

(2)  Materials    (requisitions). 

(3)  Charges    direct    from     purchase    journal     (expense    ledger 

charge  slips). 

(4)  Apportioned   charges 
Credits — 

(1)     Adjustments   of   debits   only. 

{\2'4) ^Molding  Burden — Direct  Labor — Credits: 
Debits— 

(1)    Adjustment  of  credits  only. 
Credits — 
(1)    Amount  equal  to  molding  direct  labor  x  standard  rate. 

i\2-S)— Molding  Burden — Machine  Hour: 

Debits— 

(1)  Labor   (time  cards); 

(2)  Materials    (requisitions) ; 

(3)  Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips)  ; 

(4)  Apportioned  charges  of  power  and  depreciation. 
Credits — 

(1)     Adjustment   of   debits   only. 

(12-6)— Molding  Burden — Machine  Hour — Credits: 

Debits— 

(\)     Adjustments  of  credits  only. 
Credits — 

(1)     Amount  equal  to  actual  machine  hours  used    x  standard  rate 
per  hour. 

(U'7)— Molding  Sand  Cost  (If  used) : 

Debits— 

(1)  Labor  (time  tickets); 

(2)  Materials    (requisitions) ; 

(3)  Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips). 
Credits — 
(1)     Adjustments  of  debits  only. 
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(12-8)— IfoWmy  Sand  Cost-Credits  {If  used): 

Debits— 

(1)    Adjustments   of   credits   only. 
Credits — 

(1)    Amount  equal  to  total  metal  poured  x  standard   rate   per 
poimd. 
(12-9)— Flask  Cost   {If  used): 
Debits— 

(1)  Labor  Ctime  tickets)  ; 

(2)  Materials  (requisitions) ; 

(3)  Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips) ; 

(4)  With  total  monthly  charges  in  pattern  shop  expense  accounts 

Nos.  704  and  70S  (by  transfer). 
Credits— 
(1)    Adjustments  of  debits  only. 

{\2A0)— Flask  Cost— Credits  (If  used): 

Debits— 

(1)     Adjustments  of  credits  only. 

Credits — 

(1)    Amount  equal  to  total  good  castings  x  standard  rate   per 
pound. 
(12-11) — Coremaking  Burden— Direct  Labor: 

Debits— 

(1)  Labor  (time  tickets)  ; 

(2)  Material   (requisitions) ; 

(3)  Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips) ; 

(4)  Apportioned  charges. 
Credits— 

(1)    Adjustments  of  debits  only. 
(12'12)— Coremaking  Burden— Direct  Labor— Credits : 

Debits— 

(1)     Adjustments  of  credits  only. 

Credits — 

(1)     Amount  equal  to  coremaking  direct  labor  x  standard   rate. 
(12-13) — Coremaking  Burden — Machine  Hour: 

Debits— 

(1)  Labor  (time  tickets); 

(2)  Material    (requisitions) ; 

(3)  Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips) ; 

(4)  Apportioned  charges. 
Credits — 

(1)     Adjustments  of  debits  only. 
(\2'14)— Coremaking  Burden — Machine   Hour — Credits: 

Debits- 

(1)     Adjustments  of  credits  only. 

Credits — 

(1)    Amount    equal   to   actual    machine   hours   used   x    standard 
rate  per  hour. 
(12-15)— FinwAmp  Cost: 

Debits— 

(1)     Labor    (direct    and   indirect    unless    in    large   plants)     (time 
tickets) ; 
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(2)  Material    (requisitions) ; 

(3)  Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips) ; 

(4)  Apportioned  charges. 
Credits-- 

(1)    Adjustments  of  debits  only. 

(12-16)— FinwAin^  Cost — Credits: 

Debits— 

(1)     Adjustments  of  credits  only. 
Credits— 

(1)  Amount  equal  to  molding  and  core  direct  labor  x  standard 
rate. 

{U'\7)— Annealing  Cost: 

Debits— 

(1)  Labor   (time  tickets); 

(2)  Material   (requisitions) ; 

(3)  (Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips) ; 

(4)  Apportioned  charges. 
Credits — 

(1)    Adjustments  of  debits  only. 

(\2-lS)— Annealing  Cost — Credits: 

Debits— 

(1)    Adjustments  of  credits  only. 

Credits — 

(1)    Amount  equal  to  total  good  castings  x  standard  rate. 

{\2-l9)— Power,  Light  and  Heat: 

Debits— 

(1)  Labor   (time  cards) ; 

(2)  Material    (requisitions) ; 

(3)  Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips) ; 

(4)  Apportioned  charges. 
Credits — 

(1)  With  total  net  balance  at  the  close  of  each  month  distributed 
on  a  percentage  or  other  basis  to  the  various  operating 
accounts  as  explained  elsewhere. 

Balance — 
There  should  be  no  balance. 

(\2'20)— Pattern  Shop  Expense: 

Debits— 

(1)  Labor   (time  tickets); 

(2)  Materials   (requisitions) ; 

(3)  (Charges  direct  from  purchase  journal  (expense  ledger  charge 

slips) ; 

(4)  Apportioned  charges. 
Credits— 

(1)  With  amount  in  order  702  charging  molding  burden — direct 

labor. 

(2)  With  amoimt   in  order  703   charging  coremaking  burden — 

direct  labor. 

(3)  With  amounts   in   orders  704  and  705,   charging  flask  cost. 

(4)  With  amoimt  of  residue  as  directed. 
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Balance — 

There  should  be  no  balance. 

Note: — If  pattern  shop  is  operated  as  a  producing  department, 
and  not  solely  as  a  co-operating  department,  the  accounting  shall 
be  changed  to  correspond  to  the  condition  and  provision  made 
for: 

1 — Pattern  production  orders; 

2 — Pattern  productive  labor; 

3 — Pattern  shop  expense  account; 

4 — Pattern    work    in    process    material    and    cost     compilation 
changed   accordingly. 
(l2-2\)— General  Expense: 
Debits— 

(1)  Labor   (time  tickets)  ; 

(2)  Material     (requisitions) ; 

(3)  Charges  direct  from  purchase  journal   (expense  ledger  debit 

slips)  ; 

(4)  Apportioned  charges. 
Credits — 

(1)     With  total  net  balance  at  end  of  each  month  distributed  on 

the  prescribed  basis  lo  each  operating  account. 
Balance — 
There   should  be  no  balance. 
(12-22) — Expense  Ledger  Account: 
Debits— 
(1)     At  end  of  each   month   with  total   of   charges  made   direct 

to   operating   accounts,    which   charges    are    represented   by 

expense  ledger  charge  slips. 
Credits — 
(I)     With  the  total  of  expense  ledger  charge  slips  charging  the 

various  operating   accounts. 
Balance — 

If  any  balance  exists,  it  is  in  error,  and  the  charge  slips  in 
the  files  for  month  should  be  checked  back  to  the  purchase 
journal. 

13— SUNDRY  GENERAL  LEDGER  ACCOUNTS 
In  this  section  of  the  ledger  will  be  located  all  sundry  accounts 
with  firms  and  individuals,   irrespective  of   whether  their   balance 
is  debit  or  credit. 

There  are  always  a  certain  number  of  accounts  that  float 
around  without  any  particular  home,  and  this  is  the  place  to  put 
all  such. 

When  making  up  a  statement,  the  accounts  classify  themselves 
according  to  their  balance  into  two  classes,  i.  e. : 
General  ledger  accounts  receivable; 
General  ledger  accounts  payable. 
They  will  be   so   entered   in   the   statements   immediately   under 
the  accounts  receivable,  and  accounts  payable  respectively. 
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COMMENTS  REGARDING  STARTING  COST  WORK 

While  these  comments   are  in  numbered  sequence,  prac- 
tically all  may  and  should  be  handled  at  once. 
First: — Get  your  house  in  order. 

(a)  Clean  up  your  shop. 

(b)  See  that  a  day's  work  goes  through  your  entire  shop 
in  a  day — that  is — that  each  department  is  so  tuned  up  with 
the  others  that  there  is  a  steady  flow  of  work.  Above  all 
things,  see  that  all  work  goes  through  and  out  of  shop  in 
sequence  of  the  originating  pouring  of  castings,  except  that  you 
provide  storage  or  accumulation  points  for  the  sorting  and 
classifying  of  like  castings  in  order  to  put  them  through  finish- 
ing operations  in  lots. 

(c)  The  foregoing  is  absolutely  necessary;  system  or  no 
system  of  costs,  as  it  is  only  good  business.  But  no  system 
of  costs  or  production  follow  up  is  worth  a  snap  of  a  finger 
unless  the  plant  is  onto  its  job  as  to  orderliness,  and  common 
everyday  clean  cut  handling  of  its  details. 

Second: — Get  your  raw  materials  and  supplies  under 
proper  storage  control.  If  you  have  no  stock  room — build  one. 
Why  should  you  pay  your  good  money  for  material — and  then 
let  anyone  at  all  dip  in  to  their  hearts'  content? 

Third: — Get  a  clock  for  all  employes  to  ring  in  and  out  on, 
so  that  you  have  some  sound  basis  for  timekeeping. 

3|C         >|c         4e         3|C         3|c         4c 

When  you  get  squared  away,  with  materials  in  stock  rooms, 
and  your  pig  iron,  etc.,  in  order,  then  start  records. 

Fourth: — It  is  most  important  to  have  a  proper  production 
order.  Never  mind  what  it  is  if  you  provide  for  telling  your 
shop  what  and  how  many  to  make.  While  doing  this,  provide  a 
method  to  record  zvhat  is  made,  so  that  you  know  in  each 
department  just  how  your  work  is  progressing.  See  how  easy 
it  is  when  your  shop  keeps  it  going. 

Fifth: — Start  time  cards.  Best  to  be  3"  x  5"  for  easy 
filing.  One  job  of  one  man  for  one  day  only  to  a  time  card. 
If  possible,  have  your  time  recorded  by  timekeeper.     Bad  busi- 
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ness  depending  on  a  laborer  to  be  a  record  keeper;  besides  it's 
cheaper  to  specialize  clerical  work  vs.  mechanical. 

Sixth: — Put  into  use  the  code  of  expense  order  shown 
herewith.  You  will  delight  in  knowing  where  your  money  is 
going. 

Seventh: — I^t  no  material  be  used  without  a  record. 
Requisitions  4"  x  6"  are  best,  as  they  fit  a  standard  file— get 
an  old  crank  for  a  storekeeper  and  he  will  pay  for  his  salary 
many  times  over  in  reduced  material  costs. 

Eighth: — Provide  a  real  man  to  handle  your  costs.  One 
who  understands  the  plant  operations,  and  who  understands  the 
office  end.  It  will  pay — and  pay  well.  Cost  work  is  not  a  boy's 
job,  and  if  made  so  had  better  be  left  alone. 

^1       :(i       ^1       ^1       ^1       4c 

Remember  this.  The  finding  of  costs  accomplishes  two 
things :      x 

First: — Tells  you  what  you  must  charge  for  your  goods 
to  make  a  profit. 

Second: — ^And  perhaps  the  greater  point  of  the  two,  it  tells 
you  just  where  your  money  goes — and  if  you  go  at  it  in  a 
red-blooded  way,  you  can  make  large  cuts  in  your  costs. 

Forms?  The  least  part  of  the  game,  except  to  have 
them  the  best  for  economical  handling.  The  forms  are  the 
vehicles  only  of  what  you  collect.  The  biggest  thing  is  to 
get  behind  iV— everyone  pulling  the  same  way,  realizing  that 
costs  must  be  knozvn. 
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Industrial  Democracy  and  the 
Foreman 

By    John    Calder,    New    York. 

During  the  past  twelve  months  it  has  been  the  privilege 
of  the  writer  to  confer  with  several  thousand  executives  and 
foremen  affiliated  with  industries  located  in  10  different  states. 
These  industries  included  foundries,  machine  shops,  iron  and 
steel  mills  and  workers  in  wood,  rubber,  leather,  textiles, 
jewelry  and  wearing  apparel.  These  conferences  were  a 
part  of  an  educational  program  for  executives  and  foremen 
undertaken  in  private  groups  usually  embracing  the  complete 
staff  of  one  plant  ak  a  time,  though  several  meetings  were 
in  the  nature  of  joint  conferences  with  some  hundreds 
present. 

The  object  of  this  paper  is  to  present  some  account  of 
how  our  executives  and  foremen  are  being  taught  to  think 
about  industrial  relations  and  what  reactions  they  have  with 
the  workman  in  regard  to  his  status  and  claims  for  considera- 
tion. The  writer  believes  that  all  machinery  for  improving 
the  relations  between  capital  and  labor  should  be  based 
upon  knowledge  and  a  correct  analysis  of  the  facts  and  that 
these  should  be  obtained  from  the  original  sources  and  not 
assumed  as  is  too  often  the  case. 

What   Then   are   the   Facts? 

What,  then,  are  the  facts  revealed  by  these  numerous 
contacts  and  the  very  frank  expression  of  opinion  and  ex- 
perience which  obtains  in  such  private  gatherings  for  economic 
education  ? 

In  such  meetings  the  spirit  of  the  age  is  clearly  manifest. 
History  shows  that  great  economic  and  social  forces  flow 
like  a  tide  over  communities  only  half  conscious  of  that  which 
is   befalling    them.     Wise    statesmen    and    business    men    are 
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those  who  foresee  what  time  is  thus  bringing,  and  try  to 
shape  institutions  and  mold  men's  thought  and  purpose  in 
accordance  with  the  change  that  is  silently  surrounding  them. 

The  unwise  are  those  who  bring  nothing  constructive 
to  the  process  and  who  greatly  imperil  the  future  of  mankind 
by  leaving  great  questions  to  be  fought  out  between  ignorant 
change  on  one  hand  and  ignorant  opposition  to  change  on 
the  other.  Happily  the  spirit  of  change,  in  industry  at  least, 
is  constantly  becoming  better  informed,  and  we  demand 
that  all  programs  of  reconstruction  be  submitted  to  the  test 
of  economic  soundness.  Nevertheless  we  must  be  prepared 
for  change.  Political  democracy  is  now  recognized  to  be 
fundamentally  dependent  upon  industrial  democracy.  The 
latter  is  inevitable  in  our  social  evolution  but  it  has  no  ter- 
rors for  the  open-minded  student  of  affairs.  It  is  not  revo- 
lutionary but  the  harbinger  of  peace  and  co-operation. 

We  can  no  longer  live  industrially  in  compartments.  The 
safety  man,  the  foundry  foreman,  the  employment  manager 
and  all  others  who  touch  industry  on  its  social  side  must, 
in  the  opinion  of  the  writer,  fuse  their  efforts  effectively 
with  other  foremen,  superintendents,  employers  and  employes 
on  a  plan  that  permits  of  self-expression  and  self-determina- 
tion on  the  part  of  the  workman  in  everything  that  touches 
his  industrial  interests. 

The  Program  of  the  Age 

The  spirit  of  the  age  discloses  an  increased  moral  sensi« 
tiveness  and  a  development  of  public  conscience  in  every  walk 
of  life.  The  program  of  the  age  is  the  conservation  of  all 
material  and  vital  resources  and  the  program  of  industry  is 
the  more  efficient  use  of  that  which  has  been  conserved  and 
a  demand  that  service  to  society  shall  be  the  sole  basis  of 
its   distribution. 

The  progress  of  science  which  did  so  much  for  the 
nineteenth  century  and  for  civilization  gave  us  something 
much  greater,  namely,  the  scientific  spirit,  with  its  scrupulous 
verification,  its  intellectual  morality,  its  serenity  and  its 
habitual  resoonse  to  any  disclosure  of  the  truth.     This  is  the 
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spirit  which  has  now  invaded  industry  and  it  cannot  be 
restricted  to  the  mechanical  ways  and  means  of  efficient  pro- 
duction. It  reaches  out  to  the  morals  and  manners  of  indus- 
try and  demands  the  truth,  the  whole  truth  and  nothing  but 
the  truth  about  all  the  people,  things  and  policies  involved. 

To  some  this  is  a  disturbing  prospect  but  to  those  whose 
motto  is  "To  make  goods  plentiful  and  men  dear"  it  is  an 
earnest  that  they  will  succeed.  Too  many  are  concerned  today 
about  only  one  or  the  other  of  these  objects  but  there  is  no 
satisfying  future  unless  we  aim  at  and  attain  both  and  the 
proved  economies  of  specialized  large-scale  production  are 
indispensable  to  our   modern  civilization. 

Industry  Must  Be  Democratic 

When  we  do  so  realize  that,  modem  production  methods 
at  their  best,  though  calculated  to  increase  individual  and 
national  well-being,  will  not  of  themselves  produce  industrial 
contentment.  Economic  friction,  even  in  the  best-ordered  in- 
dustrial families,  is  the  inevitable  price  we  must  pay  for 
a  democratic  basis  of  existence  and  the  great  majority  of  us 
are  convinced  that  it  is  well  worth  the  price.  In  fact  we 
have  really  no  choice  in  the  matter.  It  is  quite  useless  in  our 
day  to  fence  off  any  large  portion  of  human  activities  and 
interests  and  declare  that  self-expression  and  self-determina- 
tion may  not  operate  there.  Yet  the  plain  facts  of  our 
industrial  relations  are  so  over-laid  by  various  theories  of 
reconstructing  them  that  the  public  and  many  executives  are 
bewildered  and  are  asking  for  a  precise  answer  to  the  ques- 
tion, **What  does  the  workman  want?" 

It  is  of  the  essence  of  good  management  and  foreman- 
ship  to  be  able  to  answer  this  question  and  to  arrive  at 
sound  ideas  as  to  the  reasonableness  of  these  wants,  and  as 
to  the  possibility  of  meeting  them  in  a  way  which  will  insure 
general  prosperity  instead  of  weakly  yielding  to  force  or 
political  pressure  on  opportunist  issues.  Most  of  us  are 
intimately  connected  with  industry  and  have  been  so  all  our 
lives,  and  we  know  that,   while  details   may  be   lacking  here 
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and  there,  there  is  no  difficulty  in  sympathetically  interpreting 
the  workman's  mind  when  you  live  in  close  contact  with  him. 

What  the   Workman   Wants 

The  facts  about  modern  management  and  industrial  un- 
rest are  briefly  these:  Not  due  primarily  to  the  great  war 
but  simply  intensified  by  it,  the  worker  is  putting  forward  new 
claims  for  consideration  and  also  some  old  ones  which  had 
not  been   generally   conceded. 

The  workman  demands  more  liberty  in  industry — a  share 
in  the  policies  of  management  so  far  as  they  touch  his  interests. 
In  so  doing  he  rarely  adopts  any  one  of  the  schemes  of 
social  reconstruction  which  are  pressed  upon  his  attention 
today,  nor  does  he  mean  to  dispense  with  or  overrule  the 
superior  ability,  knowledge  and  experience  admittedly  neces- 
sary in  the  general  conduct  of  a  plant  by  its  managers  and 
owners. 

There  are  schemes  which  propose  to  lay  violent  hands 
on  all  capital  with  no  adequate  care  for  skilled  direction 
but  the  workman's  desire  is  for  a  change  in  the  sf>irit  of 
industry  and  that  change  is  being  welcomed  by  all  thoughtful 
owners  and  executives. 

The  workman  wants  to  be  treated  as  an  intelligent  par- 
ticipator in  industry,  not  merely  as  the  seller  of  a  commodity. 
He  wants  to  be  consulted,  to  have  some  things  explained  tu 
him  in  the  first  instance,  not  merely  thrown  at  him  or 
arbitrarily  imposed  on  him  by  bulletins*  orders  or  decisions 
to   which    he    was    not   a   party. 

To  this  the  employer  and  foreman,  still  mentally  in  the 
last  century,  say  "Can't  we  do  anything  we  like  with  our  (nv9t 
things  and  plans  in  our  own  plant?"  The  answer  is  that  there 
is  no  law  against  trying  it  but  that,  if  we  are  wise,  we  won't 
attempt  to  play  a  lone  hand  with  the  personal  interests  of 
others. 

This  desire  of  the  workman  is  often  voiced  in  his  own 
plant,  and  to  his  own  foreman,  even  when  it  does  not  reach 
his  employer,  and  it  is  always  latent  today.  Too  often,  for 
lack   of   an    opportunity   to   express   himself    to   his   employer. 
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it  is  voiced  for  him  by  people  outside  of  his  daily  round, 
some  of  whom  misrepresent  him  and  are  not  at  all  scrupulous 
about  writing  between  the  lines  things  which  the  workman 
is   not    asking    for. 

The  desire  of  the  workman  to  have  such  representation 
as  he  pleases  on  all  matters  affecting  him  seems  a  reasonable 
and  laudable  claim  and  employers  following  modern  produc- 
tion methods  and  management  at  their  best  must  concede  it. 
If  they  are  wise  they  will  welcome  it,  and  those  who  are 
do  so. 

Obstacles  to  Progress 

When  the  machinery  in  any  plant  does  not  exist  for 
easy  expression  of  employe  opinion  and  desire,  or  when 
supervisors  and  foremen  deal  arbitrarily  with  it,  workmen 
are  gradually  convinced  that  democracy  is  forbidden  and 
are  driven  to  express  themselves  through  outside  organiza- 
tion and  mass  action  upon  issues  which  sometimes  concern 
only  a  few  of  their  number.  Often  such  a  result  is  the 
effect  of  deliberate  company  policy,  but  sometimes  the  super- 
visor undertakes  to  suppress  employe  opinion  for  a  while, 
only  to  have  a  more  serious  issue  ultimately  forced  upon 
his   employer    through    his    mistaken    action. 

Instances  of  all  these  difficulties  which  emerged  in  class 
conferences  and  investigation,  shows  that  the  employer  is 
usually  at  fault  for  the  existence  of  foremen  who  feel  that 
repression  will  be  tolerated  if  they  can  only  **put  it  over.'* 
Some  collapses  in  apparent  industrial  stability  have  been 
proved  to  be  due  to  the  death  or  sudden  withdrawal  of 
such  men  of  commanding  personality  at  critical  moments  in 
the  history   of   a  concern. 

Under  such  conditions,  exasperated  and  suspicious  massed 
employes  are  able  at  times  to  exert  great  power  without 
responsibility  and  without  much  regard  to  the  merits  of  the 
original  demand.  Employers  have  suffered  greatly  under  this 
head,  nevertheless  the  ultimate  remedy  is  not,  to  fight  and, 
if  possible,  defeat  such  organized  forces  in  your  own  plant 
but  to  confer   real   responsibility   by   taking  your   people    in' 
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consultation.     This   may   seem   an   obvious   procedure   but    on 
the  testimony  of   many   foremen   it   is    frequently  omitted. 

What  is  Happening  Abroad 

One  of  the  features  of  my  conferences  with  foremen 
and  managers  has  been  their  deep  interest  in  what  is  happen- 
ing to  industry  abroad  and  it  is  important  that  they  should 
understand  the  situation  there  and  should  realize  the  way 
out  for  American  industry  in  its  much  happier  circumstances. 

In  spite  of  various  optimistic  reports  the  fact  is  that 
industry  abroad  has  entered  upon  a  stormy  and  dangerous 
sea.  In  any  case  it  would  have  had  to  face  serious  problems 
but  the  war  has  accentuated  everyone  of  them.  The  refram- 
ing  of  the  social  order  and  the  readjustment  of  industrial 
relations  there  will  take  years  and  will  prove  a  severe  test 
but  it  must  be  carried  through  feo  as  to  satisfy  the  social 
aspirations  of   the   democratic  peoples   involved. 

In  so  doing  it  will  doubtless  have  to  shed  many  programs 
inconsistent  with  the  industrial  efficiency  upon  which  our 
modern  civilization  wholly  depends,  and  we  need  not  be  unduly 
alarmed  at  the  radical  nature  of  the  first  drafts  of  some  of 
these  programs.  In  England  at  least  there  has  been  for 
many  years  a  highly  intellectualized  socialist  program  which 
has  never  materialized. 

Much  justifiable  discontent,  however,  exists  abroad  which 
has  no  reasonable  counterpart  here.  Some  of  it  is  temporary 
and  due  to  the  unavoidable  stagnation  and  disorganization 
after  the  war  amongst  nations  whose  productive  energies 
and  liberties  were  monopolized  for  defense  purposes  to  an 
extent  of  which  we  have  no  conception.  Those  of  us  who 
were  in  France  in  the  dark  days  of  1916-17  realized  what 
general  arrest  of  normal  industry  meant. 

But  some  of  the  present  industrial  friction  abroad  is  due 
to  prewar  grievances  which  were  never  adjusted  and  the 
work  people  of  England  who,  out  of  patriotism,  postponed 
their  desires  for  five  long  years  full  of  sacrifice,  are  in  an 
ugly  mood,  not  conducive  to  wise  action.  At  the  same  time 
they  are  being  served  by  men  of  great  shrewdness  and  intel- 
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lectual  ability  who  made  short  work  of  the  weak  defenses 
of  employers,  whose  case  for  private  operation  of  industry 
was  very  inadequately  presented. 

Incited  by  clever,  eloquent  advocates  of  attractive  schemes 
claiming  to  provide  more  wealth  for  all  by  less  work,  and 
moved  to  indignation  by  some  of  the  disclosures  regarding 
mining  conditions,  these  people  have  endorsed  the  most 
fallacious  doctrines  and  are  liable  to  become  the  victims  of 
hastily  conceived  and  ill-advised  reforms  for  which  their 
legislatures  have  received  no  mandate  from  the  people  at 
large. 

Such  is  the  condition  across  the  Atlantic  where  the  whole 
social  well-being  is  in. the  melting  pot  and  industry  is  marking 
time.  Russian  industrial  policy  is  a  thing  apart,  a  crazy- 
quilt  the  making  of  which  demands  the  close  attention  of 
American  engineers,  employers  and  employes,  if  our  industrial 
relations  are  to  be  kept  sane  and  our  industrial  democracy 
not   merely   an  attractive   screen    for   gross   tyranny. 

IVhat    is   Happening   in   America 

What  of  American  industry?  Contrasted  with  Euro- 
pean, the  members  of  these  executive  conferences  say  regarding 
the  war,  "It  never  touched  us."  Yet  of  the  European  indus- 
trial unrest  we  have  more  than  echoes  here,  though  we  are 
prosperous  far  beyond  our  anticipations  of  a  year  ago.  We 
have  every  prospect  of  greater  prosperity  if  we  keep  our 
heads  and  bend  our  backs  to  producing  the  goods  and  services 
which  are  now  so  scarce  and  dear,  instead  of  loafing  on 
the  job  and  trying  to  cut  corners. 

Some  of  our  plants  are,  possibly,  in  too  great  a  hurry 
to  substitute  copies  of  the  representative  machinery  which 
became  fashionable  and  almost  a  necessity  abroad  during  the 
war,  for  the  slower  and  less  showy  process  of  economic  edu- 
cation as  the  solution  for  industrial  friction.  The  latter  com- 
bined with  utter  frankness  on  the  part  of  employers  toward 
labor  will  go  far  toward  harmony. 

This  much  at  least  is  probable,  that  hopeful  expectations 
from    the    institution    of    works'    councils    and    of    committee 
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representations,  can  only  be  reasonably  entertained  when  the 
foremen  and  executives  who  represent  the  ownership  in  such 
bodies  are  competently  informed,  energized,  sympathetic  and 
keenly  desirous  to  get  at  the  truth  and  to  solve  all  difficulties 
on  the  sound  economic  grounds  which  alone  insure  permanent 
settlements. 

Economic  Education  of  Foremen  Essential 

An  analysis  of  the  intelligence  and  perceptions  of  the 
many  executives  with  whom  personal  contacts  have  been 
made  has  convinced  the  writer  that  they  will  never  be  educated 
economically  merely  by  membership  in  such  councils.  It  is 
absolutely  necessary  that  our  foremen  should  bring  economic 
education    into    such    meetings. 

Some  of  the  smaller  employers  need  the  training  as  much 
as  do  their  men  and  all  employers  would  benefit  from  hear- 
ing their  foremen  talk  out  in  the  privacy  of  the  family  circle 
on  topics  not  usually  discussed  in  their  business  conferences 
but  vital  to  the  business  none  the  less.  It  is  quite  evident 
that  not  a  few  concerns  have  failed  to  sell  their  policies  to 
their  own  foremen,  and  to  their  considerable  loss. 

Much  of  this  is  due  to  the  fact  that  many  chief  execu- 
tives are  poor  mixers  and  have  no  gift  for  imparting  informa- 
tion to  people  of  a  different  educational  standard.  It  was 
also  found  that  some  foremen  in  industry  actually  think  less 
about  industrial  relations  and  know  less  than  some  of  their 
own  workmen  and  the  low  educational  caliber  in  economic 
matters  of  the  foremen  in  most  of  our  industries  is  remark- 
able, consider in,t;  ilie  effective  part  they  might  play  in  happily 
and  justly  reconciling  not  a  few  industrial  differences  at  their 
option. 

Tills  is  not  wliolly  or  chiefly  the  fault  of  the  foremen. 
are  usually  ■^elected  largely  for  their  technical  proficiency 
Xt  own  panicular  branch  and  then  are  forgotten  by  the 
jement   sn    far  as   the   engineering  of   men   is  concerned. 

.    where    thry    have    been    theoretically    assented    to,    such 

J^ Jn^OCBCtTct'    are    purely    secondary   matters    with    many 

j^  number  of  plants  with  good  policies  and  poor 
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practice   in    this    respect    is    remarkable    and    has    led    to    the 
organization   of    an   effective    service   in   this    direction. 

The  generous  treatment  of  foremen  and  the  steady 
drawing-out  of  their  capacities  for  leadership  and  for  inter- 
preting to  workmen  the  policies  and  ideals  of  liberal-minded 
owners  is  the  open  secret  of  some  of  our  most  happy  and 
contented  businesses. 

How  the   Workman   Thinks 

What  do  we  find  when  the  workman  gets  representation 
and  comes  down  to  details?  What  is  the  attitude  of  mind  he 
discloses?  These  conferences  have  shown  that  some  of  his 
unrest  vanishes  readily  before  personal  contact  and  vanishes 
for  good,  but  we  also  find  that  he  entertains  fallacies  and 
misconceptions  about  industry  to  which  he  clings  tenaciously, 
and  to  which  many  of  our  foremen,  who  are  frequently  the 
sole  source  of  enlightenment,  are  not  qualified  to  make  an 
adequate   response. 

Our  foremen  are  too  often  during  periods  of  industrial 
friction  mere  onlookers  when  they  might  be  efficient  leaders 
and  molders  of  thought  among  the  small  groups  which  they 
supervise.  Here  are  a  few  of  the  ideas  which  guide  the  aver- 
age workman   in   judging  his  employer: 

1.— He  is  all  for  the  concrete,  the  direct,  and  the  personal. 
He  must  be  shown  effectively  how  each  proposal  would 
affect  his  own  industry,  his  own  plant,  and  especially 
his   own   job. 

2. — He  frequently  believes  that  p11  his  aspirations  and  the 
claims  of  nis  trade  on  industry  could  easily  be  satisfied 
here  and  now  out  of  present  profits  and  with  no  more 
production. 

3. — He  often  claims  that  "raising  the  sales  price"  will 
settle  all  his  employer's  difficulties,  reward  them  both 
more  liberally,  and  possibly  reduce  the  effort  demand- 
ed of  them. 

4. — When  the  obvious  objection  to  this  in  its  effect  on  all 
other  trades  and  commodities  is  pointed  out  he  says, 
"Well,    let   them   pass    the   raise   on   also." 

5. — Not  a  few  workmen  act  on  a  conviction  that  it  is  a 
distinct  advantage  to  employment  and  labor   to   restrict 
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output  and  that  in  doing  so  they  are  performing  a  moral 
duty  to  themselves  and  their  trades. 
6. — Finally,  the  average  workman  is  little  interested  in 
community  or  national  welfare.  The  public  interest  as 
a  rule  is  too  remote  for  him  to  be  influenced  by  it. 
He  often  has  the  ideas  that  there  is  just  so  much  work 
to  go  round,  that  profit  is  always  a  certainty,  and  these 
fallacies  lie  at  the  bottom  of  many  stubborn  and  fool- 
ish  quarrels   in   which   they  are   never   even   mentioned. 

What  Our  Foremen  Lack 

It  may  be  said  that  these  are  commonplaces  in  the  indus- 
trial world  but  we  wish  to  emphasize  here  that  they  are  com- 
monplaces to  which  several  thousand  foremen  had  no  effective 
answer  where  it  would  have  done  most  good. 

It  is  our  experience  that  large  numbers  of  foremen 
ranging  from  25  to  65  years  of  age  can  be  sufficiently  edu- 
cated in  a  very  short  time  by  intensive  processes  to  appre- 
ciate the  industrial  economics  and  human  engineering  of  their 
job  and  to  apply  such  teaching  with  enthusiasm  in  their 
daily  routine. 

Certain  it  is  that  no  ideas  which  we  fail  to  sell  to  our 
foremen  can  be  permanently  conveyed  to  our  workmen,  and 
while  a  wealth  of  endeavor  is  being  expended  on  the  moving 
soil  of  labor  at  present  we  should  not  overlook  the  perma- 
nency of  a  liberal  investment  in  the  education  of  our  numer- 
ous minor  executives. 

Apart  from  technical  proficiency,  our  extensive  survey 
has  revealed  the  same  lack  of  training  in  the  methods  and 
principles  of  modern  production  as  it  did  in  handling  men. 
Production  methods  are  being  increasingly  elaborated  by 
experts  and  converted  into  systems  of  operation  but  it  is 
generally  admitted  by  employers  that  unless  these  are  related 
in  the  minds  of  the  foremen  to  general  industrial  practice 
they  awaken   little  interest. 

Education  for  leadership  in  handling  men  and  things  has 
usually  been  concentrated  on  young  men  preparing  for  the 
higher    positions,    but    the    workman    makes    his    contacts    and 
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has  most  of  his  differences  with  the  foreman  and  judges 
his   employer   accordingly. 

For  over  a  year  intensive  three-month  courses  have  been 
given  to  several  thousand  foremen  and  executives  in  many 
plant  groups.  These  have  covered  personal  development, 
handling  men,  production  principles  and  industrial  economics; 
not  in  academic  form  but  through  four  special  channels, 
namely:  Simple  brief  texts  specially  written  for  foremen; 
practical  problems  of  leadership  on  which  they  correspond; 
lectures  at  intervals  of  two  weeks  to  each  group;  and  open 
discussions  after  lectures  at  which  any  topic  is  admissible. 

The  method  is  the  Plattsburg  one  of  short  intensive 
training.  It  is  found  that  any  group  of  associated  foremen 
can  be  effectively  held  together  for  that  time  with  increasing 
interest.  They  have  not  the  zest  of  adolescents  for  long- 
continued  studies  but  they  do  respond  to  interesting  brief 
courses. 

The  reactions  of  executives  in  widely  differing  indus- 
tries in  the  discussions  have  been  remarkable.  Apparently 
no  such  opportunity  has  ever  been  afforded  them  though 
there  is  much  about  which  they  are  curious.  They  practically 
talk  on  the  same  topics  and  many  employers  have  testified 
that  such  an  intellectual  awakening  has  served  many  of  the 
purposes  of  "a  council  of  the  whole"  for  the  foremen  of  their 
plants. 

A  number  of  the  classes  have  permanently  organized 
on  this  basis.  In  the  small  plants  it  has  been  felt  that  such 
an  enlightened,  energized  body  of  foremen  in  any  concern 
might  well  form  with  the  mass  of  the  employes  "a  committee 
of  the  whole"  on  all  industrial  relations. 

The   High   Cost   of  Living 

Naturally  among  several  thousand  foremen,  a  class  which 
did  not  profit  like  labor  in  recent  years,  the  cost  of  living 
in  one  phase  or  another  was  a  frequent  topic.     Here  are  the 
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conclusions   arrived   at   in   conference   after   careful   discussion 
of  facts  and  principles: 

1. — Mankind  can  only  have  what  it  earns.  The  fifty-cent 
dollar  in  the  American  pay  envelope  is  due  partly  to 
unavoidable  currency  and  credit  inflation  but  chiefly  to 
the  scarcity  of  goods  and  services.  We  must  continue 
our  war-thrift  and  diligence,  in  spite  of  the  temptation 
to    relax,   until   we   have   paid   our    debts. 

2. — No  juggling  or  jockeying  by  law,  compromise  or  force 
with  wages  and  hours  of  labor  will  bring  the  desired 
ease  and  comfort  unless  it  is  associated  with  greater 
effort  or  better  directed  effort.  The  ugly  weapons 
of  direct  action  and  the  general  strike  are  a  betrayal 
of   representative    government. 

3. — The  effects  of  proposed  conscription  of  wealth  cannot 
be  confined  to  the  rich.  They  spread  everywhere  and 
the  poor  are  least  able  to  bear  them.  Private  enter- 
prise can  always  produce  more  goods  at  less  cost  than 
socialized  industry  with  its  loose,  extravagant  con- 
trol and  absence  of  the  economic  urge.  The  way  in 
which  goods  should  be  divided  is  always  open  to  ad- 
justment by  common  consent  in  a  democracy  but  the 
goods  we  fnust  have  and  every  proposed  new  road  to  free- 
dom must  guarantee  them.    None  of  them  does. 

4. — The  laws  of  economics  are  as  rigid  and  immutable  as  the 
laws  of  physics.  It  would  be  just  as  easy  to  produce  per- 
petual motion  as  to  provide  for  a  community  which  goes 
indifferently  through  the  motions  of  production  and  then 
calls  upon  its  government  to  divide  something  which  it  has 
not  produced. 

5. — The  high  cost  of  high  living  has  not  a  little  to  do  with  the 
present  unrest  but  there  is  no  single  cause  for  our  trou- 
bles and  no  single  remedy.  "Profiteering"  does  not  explain 
them,  though  it  greatly  aggravates  public  feeling;  it  calls 
for  firm  repression  when  practiced  by  either  side  in 
industry. 

Conclusions 
1'he   relation  of   industry  to  the   four  partners  concerned, 
namely   labor,   capital,   brains   and   public   interest,   was   studied 


Digitized  by  VjOO^ IC 


Industrial  Democracy  and  the  Foreman  157 

in  each  class  of  foremen  with  special  reference  to  the  condi- 
tions of  harmony  and  productiveness.  Here  are  the  con- 
clusions  arrived   at : 

The  workman  will  be  contented  as  a  rule  if  he  obtains: 

1. — Security  of  employment. 

2. — A   voice  in    fixing   employment   conditions. 

3. — A  fair  share  of  the  profits. 

4. — Working    hours    yielding    reasonable    leisure. 

5. — Prevention     of    profiteering. 

6. — Suitable   housing   and   welfare    provision. 

7. — Economic    instruction. 

8. — Opportunity   to   rise. 

The  contented  workman  will  co-operate  if   there  is: 

1. — Elimination    of    all    suspicion    of    his    employer. 

2. — Creation  of  confidence  between  him  and  the  executives. 

3. — Recognition   of   mutual   interest  in   industry. 

4. — Creation   of  machinery   for  facilitating  acquaintance. 

5. — Absence   of   all    paternalism   in   industrial   relations. 

The  contented  and  co-operative  employe  will  be  excep- 
tionally efficient  and  productive  if  he  is  scientifically  directed 
with  special  incentives,  modern  methods  and  appliances  and  if 
he  ignores  all  labor  restrictions  on  output  and  narrow  trade 
demarcations. 

Contentment  in  the  workman  is  purely  relative.  In  demo- 
cratic industry  and  life  a  healthy  discontent  is  the  normal 
attitude  of  forward-looking  people.  Hence  it  is  useless  in 
our  day  for  employers  to  aim  at  and  plan  for  a  quite  docile 
organization  of  human  units  as  some  have  done.  American 
and  alien  alike  should  be  encouraged  in  self-expression  and 
given  sufficient  education  about  the  nature  of  industry  to  use 
their  self-determination  intelligently. 

In  too  many  cases  both  workers  and  foremen  are  allowed 
to  drift,  so  far  as  improving  their  intelligence  is  concerned. 
In  connection  with  personal  ambition  the  subject  of  profit 
sharing  was  extensively  discussed  and  it  was  the  general 
conclusion  that  no  long-deferred  benefit,  or  reward  more  dis- 
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tant  than  two  weeks,  has  much  influence  upon  a  workman's 
output,  though  it  might  affect  labor  turnover  and  general 
conditions   favorably. 

Democracy  is  Altruistic 

The  moral  effect  of  free  discussion  after  study  and 
lectures  on  these  topics  and  many  others  was  very  marked. 
Many  of  the  foremen  were  keenly  anxious  to  know  "where 
the  boss  stood"  and  nothing  was  lost  by  the  utmost  frank- 
ness on  all  sides  in  these  private  meetings.  The  "boss"  did 
not  always  stand  where  he  should  and  his  education  was 
admittedly  improved  by  going  to  school  once  more  "with  the 
boys." 

It  was  recognized  that  there  are  theories  before  us  today 
for  reconstructing  society  which  plan  for  man  solely  as  a 
gain-seeking  animal.  The  theory  that  no  man  will  make  any 
sacrifice  for  liberty  or  for  love  but  only  for  gain  is  held  by 
the  cynics  in  office,  shop  and  street  but  it  is  poor  business,  for 
it  is  not  true. 

Democracy  vigorously  denies  these  assumptions.  It  banks 
with  confidence  on  men  as  givers  as  well  as  getters  and  it 
knows  that  knowledge  touched  with  emotion  is  always  inven- 
tive, ingenious,  persistent  and  victorious.  Let  us  provide  this 
knowledge  liberally  for  the  noncommissioned  officers  of  indus- 
try— our  foremen — and  it  will  soon  spread  to  the  ranks. 
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Training  Men  for  Foundry  Work 

By  C.  C.  ScHOEJj,  Stamford,  Conn. 

During  the  stress  of  war,  the  training  and  dilution  serv- 
ice of  the  United  States  department  of  labor  was  established 
for  the  purpose  of  recommending  and  developing  efficient 
shop  training  methods  in  factories  that  would  help  to  elim- 
inate industrial  inefficiency,  overcome  the  shortage  of  labor 
and   stimulate   production   of    munitions. 

It  was  discovered  that  many  helpful  features  of  organized 
training  as  applied  to  the  production  of  war  materials  were 
equally  applicable  to  peacetime  industry.  Therefore,  imme- 
diately after  the  signing  of  the  armistice  this  service  was 
reorganized  under  the  name  of  the  United  States  training 
service  to  assist  all  industries,  desiring  assistance,  to  establish 
methods  of  training  their  workers  within  their  shops.  Among 
the  industries  that  requested  assistance  of  this  service  were 
machine,   tool,   textile,   shoe,   rubber,   foundry   and   others. 

With  the  number  of  available  training  experts  limited, 
and  a  due  date  of  June  30  set  for  the  completion  of  this 
work,  C.  T.  Clayton,  director  of  the  service,  realized  that 
only  a  fraction  of  those  factories  seeking  help  could  be 
accommodated,  and  therefore  delegated  to  different  commit- 
tees the  task  of  outlining  recommendations  applicable  to  the 
particular  industries  most  urgently  requiring  and  desiring 
assistance. 

The  committee  on  foundry  training  confined  its  activi- 
ties  to    the    following   schedule: 

1.  Confer  with  foundry  organizations,  clubs, 
owners  and  managers  throughout  the  country,  to  ascer- 
tain   their   attitude   and   opinion. 

2.  Determine  by  means  of  a  questionnaire — 

(a)  Character  and   extent  of   training  being 
carried  on  at  present. 

(b)  Reasons    for    present    lack    of    training. 

(c)  Extent  to  which  training  is  desired. 

159 
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FIG,  1— RELATION  OF  NUMBER  OF  APPRENTICES  TO  Nl'MBER  OF  SKILLED  WORKMEN 
Chart  showing  relation  of  general  foundr)-  apprentices,  molder  apprentices  and  coremalc<^r 
apprentices,  to  the  number  of  apprentices  permitted  in  agreement  of  the  I.  M.  V.  of  N.  A. 
and  to  the  number  of  foundries  in  which  the  apprentices  are  employed  and  to  the  number  of 
slclUed  help  hi  these  foundries. 
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3.  Outline  recommendations  for  the  guid- 
ance of  those  instituting  foundry  train- 
ing covering  apprenticeship  training,  up- 
grading and  training  of   foremen. 

The  foundry  organizations  that  we  conferred  with  were 
not  only  interested  and  enthusiastic,  but  appointed  commit- 
tees to  co-operate  with  us.  Aside  from  a  small  minority 
(less  than  1  per  cent)  the  owners  and  managers  were  very 
enthusiastic  and  pledged  their  support.  About  1  per  cent 
of  the  646  foundries  investigated  have  a  definite  program 
and  less  than  1  per  cent  give  technical  instruction.  Of  the 
440  foundries  replying  on  the  upgrading  question,  65  per 
cent  are  active  in  upgrading  their  help.  The  chart  shown 
as  Fig.  1  illustrates  the  extent  to  which  training  is  carried  on 
at  present  in  foundries  located  in  different  parts  of  the 
country. 

Considering  the  high  turn-over  prevalent  in  foundry 
apprenticeship,  which  in  some  cases  has  been  given  as  high 
as  150  per  cent,  it  is  evident  that  the  number  completing 
their  apprenticeship  is  very  small.  In  general,  the  following 
reasons  were  given  for  the  present  lack  of  apprenticeship 
training : 

1.  Reluctance  of  young  men  to  engage  in  foundry 
work. 

2.  Ease  with  which  many  young  men  with  limited  ex- 
perience and  knowledge  can  secure  employment  as 
journeymen. 

3.  The  tendency  of  foundry  employes  to  discourage 
apprentices. 

4.  Inability  of  foundry  owners  to  master  their  train- 
ing problems,  etc. 

Giuses  of  the  reluctance  of  young  men  to  engage  in  found- 
ry work  have  been  given  as  low  wages,  unsanitary  conditions, 
laborious  work,  monotonous  routine,  adverse  influence  of  pub- 
lic schools,  the  four-year  apprenticeship  clause,  lack  of  any 
sound,  practical,  or  definite  training  program,  and  lack  of  proper 
incentives. 

The  effect  of  these  causes  on  foundry  apprenticeship,  as 
illustrated  by  the  chart,  is  the  low  percentage  of  apprentices 
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entering  this  work  and,  as  you  all  know,  the  result  that  few 
of  those  who  enter  complete  their  apprenticeship. 

In  order  to  solve  the  wage  problem,  a  few  foundries  make 
a  practice  of  studying  the  cost  of  living  in  their  town  and 
granting  apprentices'  cost  of  living  plus  a  percentage,  ranging 
from  10  to  70  per  cent.  The  highest  percentage  is  paid  to 
apprentices  in  their  last  year  of   apprenticeship. 

A  handicap,  which  many  foundries  have  applied  to  their 
apprenticeship  systems,  is  **inertia  of  habit."     Systems  with  the 
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indentured   agreements   and   rates   of   pay   instituted    15    yjears 
ago,  are  still  in  use,  although  perhaps  not  operating. 

Working  toward  the  elimination  of  the  effect  of  low  wages. 
the  four-year  apprenticeship  clause,  the  institution  of  proper 
incentives,  etc.,  a  plan  is  being  developed  whereby  an  appren- 
tice's work,  length  of  indentured  period  and  compensation  is 
dependent  upon  merit  and  accomplishment  rather  than  time. 
This  involves  placing  all  apprentices  on  a  two  months'  trial, 
and  those  accepted  at  the  end  of  every  six-month  period 
are  graded  into  classes  as  follows: 

Class  A,  apprentices  serving  825  hours  per  period 
Class  R,  apprentices  serving  962  hours  per  period. 
Class    C^   apprentices   serving    1100   hours  per   period. 
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The  compensation  is  as  follows: 

Periods   of   entire   course 12345678 

Per  cent  of  journeyman's  pay..  ZZ    36    39    43    47    52    58    66 

To  overcome  the  laborious  and  unsanitary  conditions  exist- 
ing in  many  foundries,  the  adoption  of  sanitary,  safety  and 
labor-saving  regulations,  as  recommended  by  the  American 
Foundrymen's  association  and  others  is  recommended.  The 
following  quotation  from  a  letter  received  is  indicative  of  what 
is  being  accomplished   in  this  direction: 

"♦  *  *  ^e  are  trying  to  gradually  induce  men  to  be- 
come foundry  employes  and  to  place  the  entire  foundry  on 
a  higher  plane,  as  we  find  that  the  average  workman  seems 
to  feel  that  the  foundry  is  hard  work  indeed  and  disagreeable 
place  to  work.  To  offset  this,  we  have  built  what  we  believe 
to  be  the  lightest,  cleanest  and  best  ventilated  foundry  in  the 
United  States;  have  installed  lockers  for  the  men's  clothes, 
shower  baths,  drinking  fountains,  ample  ventilation  for  sum- 
mer and  ample  heating  in  the  winter ;  which  makes  the  foundry 
a  comfortable  and  desirable  place  to  work  in." 

To  eliminate  the  condition  of  monotony,  and  to  work 
toward  a  sound,  practical  and  definite  training  program,  the 
committee  recommends  a  more  general  routing  of  apprentices 
into  the  different  branches  of  foundry  work  and  co-ordinating 
this  practical  experience  with  definite,  practical  technical  in- 
struction. 

The  machine  and  tool  industry  in  a  few  cities  has  striven 
to  acquaint  the  public  school  authorities  with  the  importance  of 
its  trade  by  delegating  a  competent  mechanic  or  engineer  to 
lecture  before  the  teachers*  association  on  the  character  and 
importance  of  its  work,  and  the  opportunities  existing  for 
development.  I  am  quite  certain  that  a  half-hour  talk  by  a 
competent  foundryman  to  a  group  of  public  school  representa- 
tives would  arouse  in  them  a  deep  interest  and  respect  for  the 
fotmdrymen's  trade. 

The  ease  with  which  many  young  men,  with  limited  knowl- 
edge and  experience,  can  secure  employment  as  journeymen  is 
a  direct  reslilt  of  lack  of  training.  We  have  established  a  low 
standard  in  the  foundry  and  apprentices  apparently  find  a  short 
tenn  sufficient  to  measure  up  to  the  standard  set. 
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The  tendency  of  foundry  employes  to  discourage  appren- 
tices must  be  overcome  through  education.  Many  employes 
sincerely  and  honestly  discourage  apprentices  because  they 
labor  under  unsanitary  and  unsafe  conditions.  There  are  other 
employes,  however,  who  discourage  apprentices  because  of 
selfish  motives.  Cases  have  been  brought  to  light  where  jour- 
neymen and  foremen  advised  apprentices  that  a  study  of  tech- 
nical subjects  was  nonessential  and  at  the  same  time  they 
secured  for  their  private  study  copies  of  lessons  given  appren- 
tices. 

A  number  of  foundrymen  complain  of  journeymen  discour- 
aging apprentices  in  order  to  minimize  the  number  of  available 
molders. 

The  inability  of  foundry  owners  to  master  their  training 
problems  is  chiefly  due  to  lack  of  knowledge  of  the  subject  and 
the  fact  that  they  too  often  delegate  this  work  to  an  over- 
burdened foreman  or  a  person  incompetent  to  effectively  oper- 
ate the  plan. 

A  clear  conception  of  the  purpose  in  view,  an  understand- 
ing of  the  methods  and  kind  of  authority  necessary  to  achieve 
this  purpose,  ability  to  secure  co-operation,  centralization  of 
training  responsibility,  a  definite  training  program,  practical 
instruction,  workable  standards,  accurate  records,  and  a  square 
deal,  are  essential  to  success. 

Existing  conditions  in  the  foundry  industry  necessitate  a 
more  general  use  of  the  upgrading  system,  which  involves 
an  intensive  short-time  training  of  the  present  labor  and  semi- 
skilled help. 

In  order  to  meet  this  condition  and  at  the  same  time  pave 
the  way  for  a  broad  training,  the  branches  of  training  have 
been  divided  into  units  as  follows  in  order  to  permit  those 
desiring  a  broad  training  to  gain  experience  and  knowledge : 

BRANCHES   OF  TRAINING   FOR   UPGRADING 

Worker  in  Cleaning  Department 

Materials — Sand,   abrasives,   gases,   acids,   misc. 
Equipment — Scratch    brushes,    chisels,    hammers,    files,    etc. 
Operations— Cleaning,   finishing,  assorting,   repairing,   mixing,   apply- 
ing. 
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Assistant  to  Melter 
MateriaU — Pig,  scrap,  flux,  fuels,  refractories. 
Equipment — Shop  and   its   construction. 
Operations — Charging,  firing,  drawing,  repairing. 

Pouring 
Materials — Sands,  clays,  blackenings,   misc. 
Equipment — Shop  and   its  construction. 
Operations— Lining,  baking,  pouring,  care  of  ladles. 

Core  MAKING 
Materials — Sands,    binders,    re-enforcements,    fuels. 
Equipment — Shop  and  its  construction,  coremakers'. 
Operations — Mixing  sands,   ramming,  venting,   re-enforcing,  baking. 

Machine  Molding 
Materials — Sands,    facings,    partings,    patterns,    misc. 
Equipment — Machines  and  their  construction. 

Operations — ^Tempering   sands,  ramming,   re-enforcing,   venting,   fin- 
ishing,  setting   cores,    securing,   pouring. 

Bench   Molding 
Materials — Sands,    facings,    partings,    patterns,    misc. 
Equipment — Shop   and   its   construction,   molders*. 
Operations — Tempering  sands,   ramming,   re-enforcing,  venting,   fin- 
ishing,   setting   cores,    securing,    pouring. 

Side  Floor  Molding 
Materials — Sands,  facings,  partings,  patterns,  misc. 
Equipment — Shop   and   its   construction,  molders*. 
Operations — Tempering   sands,   ramming,   re-enforcing,   venting,   fin- 
ishing, setting  cores,  securing,  pouring. 

Crane  Floor  Molding 
Materials — Sands,  facings,  partings,  patterns,  misc. 
Equipment — Shop   and   its   construction,   molders*. 
Operations — Tempering  sands,  ramming,   re-enforcing,   venting,   fin- 
ishing, setting  cores,  securing,  pouring. 

Loam  Molding 
Materials — Sands,   facings,  partings,  patterns,  bricks,   misc. 
Equipment — Shop  and  its  construction,  rigging,  molders'. 
Operations — Laying  bricks,   sweeping,   finishing,   baking,  assembling, 
securing,   pouring   basins. 

Assembling 
Materials — Sands,    facings,   chaplets,    misc. 
Equipment — Shop,   assemblers'. 
Operations — Lifting,   setting  cores,   securing,   pouring  basins. 
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Heat  Treating  and  Annealing 
Materials — Refractories,   fuels,  misc. 
Equipment — ^Location,  construction. 
Operations — Charging,  heating,  drawing,  repairing. 

In  instituting  an  upgrading  system,  consideration  should  be 
given  to — 

1.  Centralization  of  training  responsibility. 

2.  Definite  training  policy. 

3.  Location  of   training  activities. 

4.  Competent  instructor. 

5.  A  detail  study  and  analysis  of  each  job  in 
order  to  establish  a  standard  time  and  a  best 
method. 

6.  Issuance  of  standard  practice  instruction. 

7.  Record  form,  including  standards  of  quality 
and  quantity. 

8.  Follow-up  system. 

The  record  card,  shown  in  Fig.  2,  is  representative  of  a 
type  being  developed  at  present. 

In  conclusion,  the   writer   suggests  that  this   organization 

take  a  definite  stand  in  regard  to  the  following: 

1.  Extent   to   which   apprenticeship   training   is   essential. 

2.  A    standard    of    merit    and    accomplishment    toward 
which  training  should  be  directed. 

3.  A  standard   form  of   indentured  period. 

4.  Branches  of  training. 

5.  Length   of   indentured  period. 

6.  Character    of    instruction. 

7.  Securing  co-operation  of  public  schools  and  assistance 
through  the  Smith-Hughes  act. 

8.  Hours  and  time  of  instruction. 

9.  A  standard  record  form. 

10.  Compensation. 

11.  Incentive. 

12.  Reward  to  graduates. 

13.  The    establishment    of    a    central    clearing    house    to 
gather,    develop    and    distribute    literature    and    infor- 
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mation    tending    to    develop    knowledge    and    higher 
intelligence  in  foundry  work. 

The  last  suggestion  has  been  submitted  by  Dr.  Richard 
Moldenke,  Pat  Dwyer  and  others.  Mr.  Dwyer  has  sub- 
mitted a  suggestion  in  writing  as  follows: 

"Instead  of  trying  to  get  a  competent  local  instructor 
for  each  plant,  a  feat  which  is  neither  practicable  or  possible, 
a  central  bureau  should  be  established.  A  series  of  condensed 
papers  could  be  prepared  on  every  phase  of  standard  foundry 
practice,  each  one  by  an  acknowledged  practical  expert  in  his 
line.  Copies  of  these  papers  would  then  be  available  for 
any  man  anywhere  who  wished  to  take  advantage  of  them. 
The  merits  of  this  plan  are  that  only  the  best  methods  would 
be  in  circulation;  only  those  who  are  really  in  earnest  would 
take  advantage  of  them;  and  by  having  a  competent  repre- 
sentative body  to  sponsor  and  finance  the  scheme,  the  cost 
would  not  be  excessive  in  any  particular  case." 

In  the  final  analysis,  the  success  or  failure  of  this  work 
will  depend  upon  the  extent  to  which  foundries  will  institute 
and  promote  training  in  their  own  shops. 

There  is  a  strong  tendency  among  foundrymen  to  let 
the  other  fellow  do  the  training  and  a  few  foundries  have 
stated  that  they  are  not  bothering  with  apprentices  because 
they  employ  only  first-class  molders  and  prefer  to  hire  them 
as  best  they  can. 

If  every  foundry  man  will  appreciate  the  fact  that  his 
experienced  and  trained  men  will  do  most  toward  the  progress 
of  the  foundry  and  then  honestly  and  wisely  endeavor  to 
promote  such  training  as  is  best  applicable  to  his  particular 
foundry,  a  start  will  be  made,  the  results  of  which  may  far 
surpass    our   expectations. 
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Occupations 

By  J.  C.  Wright,  Washington,   D.   C. 

Is  the  foundry  industry  one  which  lends  itself  to  a 
program  for  vocational  training — a  program  which  permits  of 
a  permanent  scheme  of  training  and  from  which  we  may  ex- 
pect a  reasonable  return — or  is  the  nature  of  the  industry  such 
that  recruits  for  the  trades  are  usually  drawn  from  men  who 
have  been  inducted  from  unskilled  occupations  and  then 
have  advanced  from  positions  of  helpers  to  those  of  journey- 
men? 

Do  young  men  seek  entrance  into  the  industry  as  a  means 
of  earning  a  living?  If  so,  to  what  extent  does  a  system  of 
apprenticeship  provide  an  adequate  supply  of  skilled  workers? 

It  is  estimated  that  there  are  employed  in  the  United 
States  as  molders,  founders  and  casters  around  200,000  per- 
sons. A  survey  of  the  city  of  Indianapolis,  Indiana,  shows  38 
foundries  with  over  5000  employes  under  normal  industrial 
conditions.  Of  these  approximately  50  per  cent  are  classified 
as  skilled  labor  with  50  per  cent  as  apprentices. 

Old  System   Unsatisfactory 

It  is  generally  agreed  that  the  old  apprenticeship  system  will 
no  longer  meet  the  demands  in  the  industry  for  skilled  labor, 
nor  do  working  conditions  encourage  young  men  to  take  up 
the  molder's  trade.  The  desire  for  higher  wages  and  for  "silk 
shirt"  jobs  where  the  work  is  not  so  heavy,  causes  many  to 
seek  other  fields  of  employment.  Hence,  how  to  meet  the 
need  for  molders  is  a  problem  of  no  little  concern  to  the  em- 
ployers of  today.  While  out  of  sheer  necessity  negro  and 
foreign  labor  has  been  inducted  into  the  industry,  they  cannot 
satisfy  the  demand  for  men  who  will  enable  the  employer  to 
keep  up  production   and   meet  competition. 

Foremen,  and  assistant  foremen,  are  usually  selected  from 
the   personnel  of  skilled   labor  and   hence   are  almost   entirely 
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dq)endent  upon  training  by  "absorption"  in  preparation  for 
their  responsibilities  for  production,  for  care  and  use  of  ma- 
terials, for  handling  men  and  for  the  instruction  of  green 
workers. 

It  is  to  be  expected  that  the  foundry  industry  finds  present 
conditions  unsatisfactory.  The  supply  of  skilled  labor  is  in- 
adequate, many  workmen  are  lacking  in  technical  and  mechan- 
ical skill,  and  many  of  the  foremen  they  are  forced  to  select 
are  short  in  the  technical  information  relating  to  the  business 
and  an  ability  to  supervise  production,  handle  men,  manage 
their  departments,  and  in  a  knowledge  of  plant  practice. 

A   Field  for   Training 

The  foregoing  statements  are  intended  to  point  out  the 
field  for  vocational  training  and  to  determine  the  aim  of  any 
training  scheme  which  may  be  set  up. 

In  formulating  a  vocational  program  for  any  trade  or 
industry  the  responsibility  rests  with  those  in  charge  to  deter- 
mine the  possibilities  for  training,  the  kind  of  schools,  and  the 
character  of  the  subject-matter  to  be  given  in  the  course  of 
instruction. 

That  there  are  few  jobs  for  which  effective  training  can- 
not be  given  is  shown  by  a  study  of  the  job  characteristics 
which  may  be  used  as  a  "measuring  stick"  to  determine  the 
need  for  vocational  training.  These  characteristics  have  been 
set  up  by  Mr.  Charles  R.  Allen  as: 

1. — Anybody  cannot  Ifearn  to  do  the  job.  That  is.  in 
training,  it  is  found  that  certain  natural  qualifications 
count,  as  quickness,  neatness,  a  good  eye,  physical 
strength,  weight,  etc. 

2. — The  trade  recognizes  jobs  of  different  degrees  of 
difficulty  in  the  same  line,  as,  for  example,  in  ma- 
chine shop  work  or  in  making  paper  boxes  there 
are  recognized  grades   of  jobs. 

3. — There  is  a  best  way  of  doing  the  job. 

4. — It  is  recognized  that  an  appreciable  period  of  time 
is  required  for  a  learner  to  reach  maximum  effi- 
ciency— in  other  words,  a  man  cannot  do  the  job 
as  well  the  first  time  as  he  can  after  a  period  of 
practice. 

There  are  but  few  jobs  that  do  not  meet  these  conditions. 
Is   the  job  one  involving  the  training  of  workers  for  service  or 
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is  it  one  which  must  be  limited  to  the  improvement  of  those 
already  in  sendee  f 

It  is  generally  recognized  among  those  engaged  in  voca- 
tional training  that  certain  industries,  due  to  the  conditions 
surrounding  the  workers,  are  not  such  that  the  novice  may 
be  induced  to  accept  training  for  service.  Is  this  true  of 
foundry  occupations? 

What  kind  of  vocational  schools  or  classes  should  be  pro- 
vided to  meet  the  needs  of  foundry  occupations?  What  is  the 
nature  of  the  subject-matter  which  should  be  included  in  courses 
intended  to  prepare  new  workers  for  service?  What  is  the 
subject-matter  which  should  be  included  in  courses  intended 
to  improve  the  efficiency  of  those  already  employed  in  the 
foundry  trades?  What  are  the  qualifications  of  teachers  who 
will  be  able  to  "put  over"  the  subject-matter  selected  for  in- 
structional purposes?  Can  the  shop  training  be  given  in  a 
school  or  should  the  courses  be  carried  on  in  co-operation  with 
an  industrial  plant? 

Some  of  the  Questions 

These  are  some  of  the  questions  which  will  confront 
school  officials  charged  with  the  responsibiHty  of  planning 
schools  and  classes  to  give  vocational  training  to  those  who 
are  preparing  for  employment  in  that  occupation,  or  for  the 
improvement  of  those  who  are  already  employed. 

While  foundry  work  has  oftentimes  been  included  in  engi- 
neering and  mechanical  arts  schools,  it  has  seldom  functioned 
as  a  part  of  vocational  training.  In  most  cases  the  foundry 
equipment  has  been  installed  in  order  to  supplement  courses  in 
patternmaking  and  to  equip  the  metal  working  shops  in  the 
institution  to  more  readily  obtain  castings  for  their  own  use.  The 
pupils  enrolled  in  these  courses  have  not,  except  in  rare  in- 
stances, engaged  in  employment  in  the  industry.  The  courses 
of  instruction  have  in  most  cases  aimed  to  give  the  pupil  an 
appreciation  of  working  conditions  in  foundry  occupations  and 
a  general  knowledge  of  the  processes  involved.  Even  if  the 
character  of  the  instruction  offered  had  been  of  such  a  nature 
as  to  adequately  prepare  the  individual  for  efficient  work  as 
a  molder,  coremaker,  or  cupola  tender,  it  would  still  be  im- 
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possible  for  them  to  function  as  trade  courses,  since  the  pupils 
enrolled  in  these  institutions  are  not  selected  from  those  who 
naturally  seek  employment  in  these  occupations.  In  some  in- 
stances evening  schools  have  utilized  these  equipments  for  sup- 
plementary instruction  given  to  those  who  have  already  sought 
employment  in  the  occupation.  This  instruction  has  been 
much  more  effective. 

As  an  indication  that  the  industry  is  suffering  from  a  lack 
of  adequately  trained  men,  inquiries  are  being  received  by  the 
Federal  Board  for  Vocational  Education  from  employers,  and 
organizations  of  employers,  as  to  the  possibilities  of  vocational 
training  for  their  employes.  These  inquiries  have  to  do  not 
only  with  the  improvement  in  efficiency  of  journeymen  workers, 
but  also  with  such  trade  extension  instruction  as  will  enable 
men,  straw  bosses,  and  assistant  foremen  to  be  promoted  to 
positions  of  greater  responsibility  within  the  plant.  One  of 
these  inquiries  for  definite  information  which  would  be  of  aid 
in  the  preparation  of  a  plan  states : 

We  have  nine  plants,  each  plant  being  divided  into 
a  number  of  departments  which  have  to  do  with  the  pre- 
paring of  molds,  handling  of  castings,  cleaning  and 
machining  of  same,  the  repair  and  upkeep  of  plant  equip- 
ment, operation  of  unloading  machinery  and  locomo- 
tives, etc.,  in  the  yard,  making  of  patterns,  etc.  The 
question  of  foremen  and  heads  of  departments  is  one 
of  considerable  moment  with  us  and  while  it  has  always 
been  our  scheme  to  make  advancement  from  the  ranks 
we  feel  that  considerable  special  effort  should  be  made 
to  train  certain  of  our  men,  straw  bosses,  assistant  fore- 
men, etc.,  so  that  they  can  become  heads  of  depart- 
ments. We  wish  to  prepare  a  plan  of  education  for 
this  class  of  men,  such  a  plan  to  be  so  arranged  as 
to  properly  grade  the  men  as  to  their  various  quali- 
fications which  in  turn  will  result  in  advancement  being 
given  to  the  men  who  are  best  fitted  for  positions  which 
we    may   have   open    from    time   to    time. 

While  these  inquiries  indicate  that  industry  has  generally 
come  to  realize  the  need  of  vocational  training  to  reduce  the 
cost  of  production,  to  maintain  a  sufficient  supply  of  trained 
men  to  meet  the  new  conditions  through  increased  scientific 
information  and  through  the  invention  of  labor  saving  machin- 
ery, some  employers  yet  disregard  the  need  of  training  and 
like  Topsy  the  men  "grow  up."     Others  place  the  entire  re- 
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sponsibility  on  foremen  for  production  and  such  training  as  is 
necessary.  Under  these  conditions  workmen  are  apt  to 
belittle  the  value  of  vocational  training. 

Cannot  Rely  on  Instinct 

Since  the  old  apprenticeship  system  has  fallen  down, 
training  for  industrial  occupations  must  be  given  in  some 
way.  People  are  not  naturally  prepared  by  instinct  or  environ- 
ment for  efficient  work  in  modern  industry.  Training  must 
therefore  be  secured  by  the  individual  previous  to  liis  or  her 
employment  or  must  be  taken  after  the  individual  is  on  the  job. 

The  first  condition  cannot  be  relied  upon,  since  most 
people  are  unable  to  predetermine  or  choose  their  vocation  long 
enough  ahead  to  enable  them  to  secure  preparation  for  en- 
trance into  employment.  It  then  falls  upon  the  employer  to 
provide  some  method  for  training  his  green  men  a  scheme 
which  w^ill  promote  training  by  **intention"  rather  than  by 
^'absorption." 

If  the  men  are  absorbed  in  the  force  under  the  present 
status  of  apprenticeship  a  long  period  will  elapse  before  the 
novice  reaches  a  fair  degree  of  perfection.  Many  will  quit 
and  seek  other  fields  of  work  where  the  work  seems  easier 
and  the  pay  better.  Quantity  production  will  suffer,  quality  of 
workmanship  will  be  affected  and  the  cost  of  production,  due 
to  increased  overhead  expenses  and  loss  of  material,  will  fur- 
ther reduce  the  profit. 

Suggested   Program   for    Vocational    Training 

Any  plan  for  vocational  training  must  be  concerned  with 
either  the  preparation  of  new  workers  for  advantageous  en- 
trance into  an  occupation,  or  the  improvement  of  those  already 
in  service  and  should  be  based  upon  a  careful  study  of  the 
foundry  occupations  for  the  purpose  of  setting  up: 

1. — The  aim  of  the  courses   of  instruction   to   be  given.' 

2. — A  statement  showing  the  type  of  schools  in  which 
instruction  may  most  efficiently  be  given,  the  charac- 
ter of  the  equipmet  i^equired  for  the  instructions, 
and  the  qualifications  of  teachers. 

3. — First  hand  analysis  of  the  working  conditions  af- 
fecting individuals  employed  in   foundry  trades  treated 
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from  the  standpoint  of  what  the  worker  is  actually 
required  to  do  and  not  from  the  position  of  "things 
as  they  ought  to  be." 

4. — The     selection     and     organization     of     instructional 
material,  and 

5. — Suggestive  methods   of  instruction   for   the   guidance 
of   the    teachers. 

These  steps  are  necessary  for  effective  vocational  training  in 
any  trade  or  industry. 

The  federal  vocational  education  act  has  for  its  purpose 
the  preparation  of  men  and  women  for  more  efficient  service  in 
wage-earning  pursuits.  The  provisions  of  the  act  make  pos- 
sible either  the  preparation  of  an  individual  for  employment 
in  a  specific  occupation,  or  the  improvement  of  the  trade  and 
technical  skill  of  those  already  employed. 

The  act  was  brought  about  for  the  purpose  of  stimulating 
states  to  promote  vocational  education  in  the  fields  of  agricul- 
ture, trade,  home  economics  and  industry.  Its  specific  aim  is  to 
make,  through  the  stimulation  of  grants  in  aid  to  the  states, 
more  efficient  wage  earners.  This  may  be  done  be  preparing 
persons  for  new  occupations,  or  by  increasing  the  skill  and 
knowledge  of  those  who  have  already  entered  a  profession. 
The  act  is  exceedingly  broad  in  its  scope  and  makes  provision 
both  for  those  who  are  yet  in  attendance  upon  school  in  the 
form  of  all-day  unit  trade  schools,  and  for  those  who  have 
entered  employment  by  evening  and  part-time  schools  or 
classes. 

For  the  purpose  of  co-operating  with  the  states  in  pay- 
ing the  salaries  of  teachers  of  vocational  subjects  and  for 
the  purpose  of  preparing  teachers  of  vocational  subjects,  there 
has  been  appropriated  a  fund  which,  on  a  sliding  scale, 
reaches  the  sum  of  $7,000,000  in  the  year  1926.  Reimburse- 
ment is  made  to  schools  for  work  meeting  the  conditions  set 
up  in  state  plans  approved  by  the  Federal  Board  for  Vocational 
Education. 

The  act  provides  for  three  kinds  of  trade  and  industrial 
schools,  departments  or  classes: 

1. — The    evening   school    for    instructions    supplementary 
to   the  daily   employment. 
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2. — The  part-time  school,  which  may  be  administered  as 
trade  preparatory,  trade  extension  or  a  general  con- 
tinuation school. 

3. — The  all-day  unit  trade  school. 

In  the  organization  of  these  schools  consideration  must  be 
given  to  certain  conditions  of  the  vocational  education  act 
common  to  all  state  plans.  These  condtions  may  be  briefly 
summarized  as  follows: 

1. — All  classes  must  be  under  public  supervision  and 
control. 

2. — The  controlling  purpose  of  the  instruction  must  be 
to  fit  for  useful  employment. 

3. — The  instruction  must  be  of  less  than  college  grade. 

4. — ^Thc  minimum  age  for  pupils  in  the  evening  school 
is  16  years  and  in  the  part-time  and  all-day  school 
14  years. 

5. — Federal  money  can  be  used  for  reimbursement  only 
for  the  salaries  of  teachers.  All  expenditures  for 
equipment,  supplies,  and  other  forms  of  maintenance 
must   be   provided    otherwise. 

6. — Federal  money  is  given  only  as  reimbursement  and 
must  be  matched  by  an  equal  amount  of  state  or 
local    funds    used    for    the    same   purpose. 

7. — All  instruction  in  the  evening  school  must  be  sup- 
plementary   to    the    daily    employment. 

8. — Part-time  schools  must  be  organized  for  not  less 
than  144  hours  of  instruction  during  the  year. 

9. — Unit  trade  schools  must  be  organized  for  not 
less  than  Z6  weeks,  with  not  less  than  30  hours  in- 
struction per  week,  one-half  of  which  must  be  de- 
voted to  shop  work  on  a  useful  and  productive  basis. 

Experience  in  vocational  education  goes  to  show  that  trade 
preparatory  classes  are  not  as  efficient  as  are  those  giving  trade 
extension  instruction.  This  is  due  to  the  fact  that  trade  pre- 
paratory instruction  is  usually  given  to  those  between  the  ages 
of  14  and  18  who  have  not  yet  definitely  selected  the  kind  of 
employment  for  which  they  wish  to  be  trained.  This  is  espe- 
cially true  of  the  foundry  industry  and  as  a  result  the  all-day 
unit  trade  school  is  without  pupils  who  need  preparation  for 
service  in  these  occupations.  On  the  other  hand,  schools  or 
classes  which  are  of  a  trade  extension  character  and  which  are 
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planned  to  give  instruction  for  the  improvement  of  those  who 
have  already  entered  service  are  much  more  successful.  These 
schools  include  evening  and  part-time  classes. 

Evening  and  Part   Time  Schools 

Evening  schools  should  be  organized  in  every  community 
and  should  offer  opportunities  for  the  pupils  to  select  subjects 
which  will  supplement  their  daily  employment.  Evening  voca- 
tional schools  are  all  of  a  trade  extension  character. 

Part-time  schools  in  their  relation  to  the  foundry  industry 
may  be  either  of  a  trade  preparatory  or  trade  extension  type. 
To  successfully  administer  either  of  these  types  it  is  neces- 
sary for  co-operative  agreements  to  be  entered  into  between 
the  public  schools,  the  employer  and  employes.  These  schools 
are  defined  as  classes  which  divide  the  working  day  or  school 
time  between  instruction  and  practical  work  in  the  shop, 
factory,  home,  office,  etc.  The  classes  may  be  carried  on  at 
the  school,  in  the  shop,  in  class-rooms  adjacent  to  the  shop, 
in  a  building  near  the  shop,  or  elsewhere.  The  instruction 
may  be  either  manipulative  in  process,  or  related  to  process, 
or  both.  While  the  minimum  amount  of  instruction  per  year 
must  not  be  less  than  144  hours,  the  course  may  be  given  once, 
twice,  or  more  times  each  year,  or  may  be  operated  continu- 
ously provided  the  courses  are  of  such  a  nature  that  the  in- 
dividual may  profit  by  the  instruction  taken  in  its  proper 
sequence.  The  part-time  school  may  then  be  organized  in  a 
number  of  different  ways: 

1. — The  Vestibule  School. — The  industry  may  wish  to  con- 
centrate the  period  of  training  into  a  single  period 
giving  full  time  each  day  to  instruction.  Where 
pupils  are  under  definite,  written  contract  for  em- 
ployment a  vestibule  school  carried  on  for  a  period 
of  18  days  for  eight  hours  per  day  would  meet  the 
requirements   of   the   federal    act. 

2. — The  Co-operative  Week  About  Plan. — This  requires  two 
pupils  for  one  job,  one  of  these  being  in  school 
while  the  other  is  at  work.  The  instruction  during 
the  week  in  school  is  largely  of  a  supplementary 
character  and  closely  related  to  the  work  of  the 
pupil  while  on  the  job.  During  the  week  in  em- 
ployment the  pupil  is  given  an  opportunity  to  apply 
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the  instruction  received  to  the  occupation,  and 
through  an  individual  known  as  a  co-ordinator  the 
instructor  in  the  school  is  informed  of  the  pupil's 
progress  in  the  shop  and  steps  are  taken  to  see  that 
the  young  worker  is  not  exploited  on  a  few  opera- 
tions but  is  given  an  opportunity  to  receive  an 
all-around  shop  training.  The  co-operative  plan  in 
many  respects  is  ideal.  The  pupil  is  brought  into 
direct  contact  with  actual  working  conditions  in  the 
plant.  His  practical  experiences  will  be  gained 
♦hrough  the  use  of  a  wide  range  of  commercial 
projects  rather  than  through  the  use  of  models  and 
a  limited  amount  of  practical  work.  This  plan  also 
lends  itself  more  readily  to  the  placement  of  pupils 
in   industry   than   does   the   all-day    school. 

Where  the  plan  proposed  provides  for  an  all-day  school 
the  plant  and  equipment  should  approach  as  near  as  possible 
the  conditions  which  exist  in  an  average  foundry.  Productive 
projects  should  be  selected  because  of  their  commercial  value. 
The  project  should  be  carefully  analyzed  into  its  several  parts, 
each  part  in  turn  studied  to  seek  out  the  process  involved,  all 
of  these  then  being  arranged  in  an  effective  instructional  order. 

Must  Have  Had  Experience 

Teachers  of  foundry  w^ork  in  the  all-day  school  and  co- 
ordinators of  co-operative  classes  must  have  had  actual  foimdry 
experience  in  the  industry  itself.  Successful  teachers  should 
not  only  have  a  practical  training  at  least  three  years  beyond 
the  apprenticeship  period,  but  they  should  also  be  selected 
because  of  their  familiarity  with  all  phases  of  the  occupation 
and  their  ability  to  explain  the  why  of  all  processes  and  opera- 
tions. In  addition  to  these  practical  qualifications  the  teacher 
selected  should  present  evidence  of  an  ability  to  instruct  others. 
He  should  be  able  to  analyze  foundry  occupations  and  jobs 
and  to  organize  his  instruction  material  into  an  effective  order 
before  presenting  the  same  to  his  pupils. 

It  is  very  difficult  to  estimate  the  probable  length  of  time 
required  in  which  green  men  can  be  prepared  for  efficient  work 
in  the  foundry  industry.  I^stimates  vary  all  the  way  from 
six  months  to  a  year  on  the  basis  of  an  all-day  or  co-opera- 
tive week  about  program.  This  statement  is  made  on  the  as- 
sumption  that    the   pupils    selected    have   all   reached    a    degree 
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of  maturity  which  will  enable  them  both  physically  and  men- 
tally to  receive  instruction. 

While  the  use  of  automatic  machinery  has  made  less  neces- 
sary the  highly  developed  degree  of  hand-skill  formerly  re- 
quired, its  use  has  increased  the  need  of  mental  alertness  in 
order  to  keep  up  production  and  in  order  to  protect  fellow- 
workmen  from  injury.  Modern  business  methods  also  make 
necessary  an  ability  on  the  part  of  workmen  to  analyze  jobs 
and  operations  in  order  to  reduce  the  time  element  and  to 
conserve  physical  energy. 

As  an  illustration  of  the  steps  Which  must  accompany  any 
movement  toward  the  organization  of  vocational  training  classes 
for  foundry  occupations  a  brief  analysis  of  the  principal  occu- 
pations is  submitted: 

Analysis   of    Foundry    Occupations 
Principal  occupations  associated  with  foundry  work. 
1.— Molder 

a. — Bench  molder.    I      j^^^  t7^„«^^„ 
b.-Floor  molder     j      ^'°"  Foundry. 

c. — Brass  molder   (brass   foundry). 

d. — Molding  machine   operator. 
2. — Core    maker. 
3. — Cupola    charger. 
4^Cupola    tender. 
5. — Chipper. 

6. — Helper   and    laborer. 
7.-^Foremen    Training. 

Bench  molder  in  iron  foundry  should  be  familiar  with  the  put- 
ting up  of  molds  for  small  castings  of  all  kinds;  should  be  ex- 
pert in  the  use  of  snap  flasks;  simple  molding  with  split  pat- 
terns; molding  from  solid  patterns,  using  green-sand  match  for 
duplicate  work;  molding  from  card  of  patterns;  making  duplicate 
pieces  in  large  quantities  by  use  of  plaster  or  dry-sand  matches 
with  gated  patterns;  and  should  be  expert  in  putting  up  molds 
from  more  complicated  patterns,  involving  setting  and  venting  of 
cores.      Skill    in    pouring    also    necessary. 

Floor  molder  in  iron  foundry  should  be  expert  in  the  putting 
up  molds  for  large  heavy  castings  in  2  or  3  part  flasks,  or  flasks 
with  more  than  three  parts.  Should  be  able  to  put  up  molds  for 
heavy   castings,   involving  parting,   complicated    core    setting,    vent- 
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Ing,  etc.     Needs  to  exercise  good  judgment  in  ramming  np  mold, 
venting  and  locating  risers  and  gates,  and  in  ponring. 

Brass  molder  should  have  essentially  the  same  qoalificatkos  as 
the  iron  molder  on  bench  work,  but  in  addition,  sbonld  ban 
special  knowledge  of  putting  up  molds  for  brass  castings— espe- 
cially  with  reference  to  proper  ramming  of  mold,  use  of  flour  lod 
other  special   facings. 

Molding  machine  operator  does  not  need  to  be  a  skilled  molder. 
Most  of  the  molding  machines  in  use  may  be  successfully  oper- 
ated by  men  possessing  average  intelligence  who  have  had  i 
little    special    training    in    operating    the    machine. 

Coremaker, — The  job  of  corcmakcr  in  an  ordinary  foundry  is 
frequently  filled  by  a  boy.  However,  the  making  of  cores  re- 
quires considerable  skill  and  some  knowledge,  especially  if  a 
variety  of  cores  are  to  be  made.  The  coremaker  should  have 
had  sufficient  experience  in  mixing  oil  sand  to  enable  him  to 
exercise  good  judgment  in  mixing  up  his  sand  so  that  it  will 
not  stick  to  the   core  boxes 

Also  a  coremaker  needs  to  use  judgment  in  placing  wires 
in  cores  and  in  providing  adequate  vents.  This  is  true  even 
though  wax  wire  is  used  for  venting.  Also  some  judgment  de- 
veloped by  experience  is  necessary  for  a  man  to  be  able  to 
bake  cores  properly.  The  work  of  pasting  cores  and  applying 
core  washes  requires  but  little  skill  or  knowledge. 

Cupola  Charger. — Cupola  charger  is  a  man  who  weighs  up  the 
charge  of  pig  and  scrap,  coke  and  limestone,  and  sees  that  proper 
amounts  are  charged  into  the  furnace  at  proper  intervals.  Often 
this  work  is  performed  by  common  laborers  directed  by  the 
foundry  foreman,  in  which  case  the  charger  does  not  have  to 
understand  why  certain  proportions  of  coke,  iron,  and  limestone 
are  used,  nor  anything  more  than  in  what  order  to  shovel  the 
various    piles    through    the    charging    door. 

C%ipala    Ttndcr. — Cupola    tender    should    be    a    man    of    experience 
in    foundry    work,   and    is    in    charge   of   the   operation   of  the  fur- 
nacr.      He    decides    when    the   iron    is    ready    to    tap,    regulates  the 
ttld    in    snnalT    foundries    does    the    tapping   out   and   stopping 
iclf.      Also    has    charge    of    snagging    out    the    cupola;   pre- 
^nd   bottom;    and    often    in   small  foundries,   snags   out  the 
fee.     The    cupob    tender   is   responsible   for   seeing  that  all 
apped  out  before  dropping  the  bottom  at  the  end  of  a  heat. 

^prr.— Chipper   is    a   man   who   snags   and  cleans    up    the  cast- 

it^quentty    has    clKirge    of   the    tumbling   barrel    and    pickling 

often    \\\v    work    of    chipper    is    performed    by    a    skilled 
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Laborer  and  Helper. — Much  of  the  work  of  a  foundry  is  dirty, 
hot  and  disagreeable  common  labor,  and  requires  only  a  small 
degree    of    intelligence    and    skill. 

In  small  foundries  where  the  sand  is  cut  up  by  hand,  some 
of  this  work  is  performed  by  the  molders;  in  large  foundries 
where  the  sand  is  cut  up  by  machine,  molders  merely  put  up 
the  molds  and  pour  them,  the  dumping  of  molds,  cutting  up  of 
sand,  etc.,  being  performed  by   common   laborers. 

The  analysis  of  the  foregoing  occupations  indicates  that 
they  are,  with  the  exception  of  the  laborer  or  helper,  of  a 
character  for  which  vocational  training  can  be  given.  On 
the  basis  of  this  analysis  the  following  outlines  for  seven 
separate  short  unit  courses  are  suggested: 

Course  1. — Molding  Sand. 

This    course    should    be    taken    by    all    men    who    have    to 
do  with  the   handling  or   use   of  molding   sand. 
Suggested   topics   for   this   course: 

Characteristics  of  good  molding  sand  as  to  strength, 
porosity,    etc. 

Suitability  of  coarse  or  fine  sand  for  different  classes 
of    work. 

Note:  Sand  which  would  be  suitable  for  snap  flask  work 
is  often  entirely  unsuitable  for  heavy  floor  molding. 

Use    of    seacoal    in    molding    sand. 
Effect    of   too    little    or    too    much    facing. 
Cutting   up   and    tempering   the   molding   sand   by   hand 
and    by    machine. 

Note:  The  effect  of  thorough  cutting  up  upon  the 
"strength"  of  the  sand  should  be  thoroughly  explained. 
The  sand  which  is  properly  tempered  is  very  much 
stronger  than   the   same  sand   not   properly   tempered. 

CouBSE    2. — Trade    terms,    names    of    tools,    etc. 

Some  instruction  should  be  given  in  the  use  of  proper 
trade  terms  in  connection  with  foundry  work,  for  men 
who  are  not  experienced.  Such  words  as  flask,  cope,  drag, 
cheek,  gagger,  chaplet,  match  board,  bottom  board,  etc., 
should    be    discussed. 

Also  the  exact  names  of  all  tools  used  about  a 
foundry,  such  as:  Rammers,  trowels,  lifters,  draw  spikes, 
gate  cutter,  etc.,  should  be  learned  by  the  apprentice  or 
helper. 
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Course    3. — Bench    Molding. 

For  bench  molders  in  iron  foundries,  and  brass  moldcrs. 

Suggested    list    of    lessons: 

Note:    It   is   assumed    that    before    taking    this    unit    the 

man    will    have    completed    the    instruction     suggested    on 

"molding    sand/' 

1. — Putting  up  molds,  using  card  of  patterns.  Practice  in 
ramming,    venting,    etc. 

2. — Putting  up  molds,  using  dry  sand  or  plaster  matches 
and  gated  patterns. 
In  connection  with  this  work,  instruction  should  be 
given  in  the  proper  use  of  parting  sand;  use  of  nails 
for  sharp  corners  or  small  green  sand  cores,  swab- 
bing,   etc. 

3. — Simple    molding    with    split    pattern;    gate    cutting. 

4. — Putting  up  several  molds  from  solid  pattern,  using 
green    sand    match. 

5. — Putting     up     more     complicated     molds — requiring     in- 
struction   and    practice    in    setting    and    venting    cores: 
locating    and    cutting    gates,    etc. 
Course   4. — floor    Molding. 

It    is    assumed    that    before    a    man    takes    this    course 

he   shall  have  received   instruction   on   "molding   sand"  sug- 
gested  under   Unit    No.    1. 

1. — Open    sand   molding. 

2. — Putting  up  molds  for  large  castings  in  two  part  flasks, 
particular  attention  to  be  given  to  proper  ramming 
of  sand,  venting,  location  and  number  of  gates  and 
risers. 

3. — Putting  up  molds  for  heavy  castings,  involving  com- 
plicated   parting,    core    setting,    venting,    etc. 

4. — Dry  sand     molding     in     iron     flasks;     use     of     facings; 
washes,    etc. 
Course    5. — Coremaking. 

Suggested    list    of   lessons    for    coremakers. 

1. — Characteristics    of    good    cores. 

2. — Different    binders    used    in    making    cores. 

3. — Preparing   and    mixing    sand    for    oil    sand    cores. 

Note:    The   proper   proportions   of   sand,    oil    and   water 

are    very    important. 

4. — I'se    of    wires    for    strengthening    cores. 

5. — Proper   venting    of   cores. 

6. — Proper    baking    of    cores. 

7. — Making   of   cores   requiring    pasting. 

8. — Pasting   of   cores    and    use    of   core    washes. 

9. — If  core  machines  are  used  in  the  foundry,  instruction 
should   be   given   upon   the   operation    of   such  machines. 
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Course  6. — Cupola  Furnaces. 

For    cupola    tenders    and    others    who    have    to    prepare 
and  operate  a  cupola. 

Suggested  list  of  lessons: 
1. — General    explanation    of   the    processes    of    melting    iron 

in  a  cupola  furnace. 
2. — ^Cleaning   up    after   a    heat,    including   proper    disposition 
of  the   dump,  snagging  out   the   cupola,   daubing  up    the 
inside    with    clay,    etc. 
3. — Preparing   cupola   for   heat. 
Putting    in    sand    bottom. 
Note: — Proper    mixture    of    old    sand,    clay    water,    etc., 

should   be    discussed. 
Mudding  up   and   burning   oflF   spout,   etc. 
Chipping  out  ladles  and  repairing  the   lining   with  mud, 
and    burning    out    ladles. 
4. — Charging    a    cupola. 

Proper    amount     of    kindling     to     be     put     in;     proper 

thickness    of    coke    bed. 
Amount  of  initial   charge   of  iron   in   proportion   to   the 

thickness    of    the    coke    bed. 
Proportions     of    pig    and     scrap     iron,    limestone     and 

coke,    in    future    charges    for    continued    melting. 
Amount    of    limestone    desirable    for    a    flux. 
5. — Operation    of    the     cupola. 

Proper  time  to  light  cupola  before  putting  on  the  blast. 
Regulation    of    the    blast   before    the    iron    comes    down 

and    during   the    balance    of   the    heat. 
Tapping    out    and    stopping    in. 
6. — Devices    for    drawing   off   slag. 

Note:   Usually    not   necessary   in    a   small   cupola. 
7. — Use   of  aluminum   and   other   materials   in   the    ladle   for 
special    work. 

Note:   The    cupola   tender    should   be    familiar    with    the 

effects    of    aluminum,    ferromanganese,    etc.,    in    the 

ladle    for    iron    intended    for    particular    classes    of 

work. 

8. — Regulation  of  the  cupola   for  securing  hot  "sharp"  iron 

for    small    work. 

Discussion  of  the  suitability  of  sharp  iron  or  dull 
iron  should  be  made  a  part  of  this  lesson. 
Note:  In  many  foundries  both  gray  and  hard  iron 
are  at  times  melted  during  the  same  heat.  Methods 
of  charging  the  cupola  .where  it  is  desired  to  run 
off  both  gray,  iron  and  hard  iron  during  the  same 
heat   might   form   a  subject   for   a   special    lesson. 


Digitized  by  VjOO^ IC 


182  American  Foundrymen's  Association 

9. — Precautions  to  be  taken  before  dropping  the  bottom. 
10. — Brass   furnaces. 

General  explanation  of  the  construction  and  opera- 
tion  of   furnaces    for   melting  brass   and    aluminum. 

Proper  location  of  crucible  in   the   furnace. 

Regulation   of   heat. 

Prevention    of    excessive    oxidation     during    melting^. 

Purpose  of  using  various  deoxidizers  in  the  crucible 
before  pouring,  especially  when  large  amounts  of 
old    material    have    been    melted. 

Note:  The  cause  of  porous  and  imperfect  brass  cast- 
ings should  be  discussed.  Sometimes  this  is  the 
most  annoying   feature  of  brass   foundry   work. 

Course   7. — Trade   Science. 

A  certain  amount  of  related  instruction  might  well 
be  given   to   molders  and  other  foundrymen. 

Suggested    topics: 

Some  of  the  elementary  principles  of  mechanics  should 
be  taught  in  a  practical  manner,  in  order  to  develop 
some  basis  for  the  exercise  of  judgment  in  hand- 
ling   heavy    weights. 

Practical  lesson  on  center  of  gravity. 

Practical    lesson    on    stability. 

It  is  most  imperative  for  a  molder  to  have  a  knowl- 
edge of  fluid  pressure,  in  order  that  he  may 
understand  the  necessity  for  weighting  down  molds 
before  pouring. 

The  following  information  is  necessary,  if  a  man  is 
going  to  estimate  with  any  degree  of  intelligence 
the  upward  pressure  on  the  cope  before  the  metal 
solidifies: 

Ability    to    figure    areas    approximately. 

General  understanding  of  fluid  pressure,  so  that  it 
will  not  be  necessary  for  a  man  to  simply  apply 
the  rule  for  figuring  this   without  understanding    it. 

A  working  knowledge  of  the  rule  for  figuring  the 
amount  of  the  upward  pressure  on  the  cope  before 
the  metal  solidifies. 

Note:   The    rule   for   this   is   as    follows:   Total   upward 

pressure   (lbs.)   equals  the  area  of  the  entire  upper 

surface    (in   sq.   in.)    x   head    (in   in.)    x   the   weight 

of    1    cu.    in.    of    iron    (approximately    %    lb.).' 

12. — Lesson  on  specific  gravity,  weights  of  different  materials, 

etc.,  per  cu.   in. 
13. — Lesson   on    the    expansion   and    contraction    of   materials 
under    the    influence    of    heat. 
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14. — Lesson    on    effects    of    heat — melting    points    of    various 

substances,    etc. 

Nature    of    "burned    metal." 

The  causes  of  the  formation  of  gases  when  metal  is 
poured    into   a   mold,   etc. 

Use  of  acid  for  pickling  castings;  action  of  the  acid 
in    loosening    the    sand    and    scale,    etc. 

Safety  in  the  use  of  grinding  wheels  for  snagging 
castings  and  for  other  purposes.  A  man  should 
have  some  notion  of  the  limits  of  safety  in  regard 
to  speed;  and  the  danger  of  running  wheels  which 
are  out  of  balance,  or  which  are  mounted  in  loose 
bearings.  Also  the  danger  of  improperly  adjusted 
rests   should   be   made   clear. 

15. — Practical    Metallurgy, 

A  practical  study  of  the  composition  and  physical  prop- 
erties  and   characteristics   of  cast  iron. 

Suggested    topics: 

Different  varieties  of  pig  iron — Northern  and  Southern 
Pig — Percentage  of  scrap  which  different  kinds  of 
pig  will  carry. 

Proportioning  of   charges  for   the   production   of — 
Heavy    gray    iron    castings. 
Light    gray    iron    castings. 
Hard    iron. 
Semisteel,  etc. 
.  Effect     of    sulphur,    phosphorus,    and     other     elements 
present    in    cast    iron. 

Effect  of  rapid  cooling  upon  the  hardness — use  of 
chills — separation  of  graphitic  carbon  prevented 
by   rapid    cooling. 

Compositions  of  brass — proportions  of  copper,  zinc 
and  tin  for  standard  alloys — use  of  dcoxidizers  for 
the  production  of  sound  castings — phosphor  bronze 
and  other  alloys. 

Aluminum — Melting   and    casting   of   aluminum. 

Production  of  sound  aluminum  castings.  Use  of  alumi- 
num to  increase  fluidity  of  iron  for  thin  castings. 

Alloys    of   aluminum. 

Relation  of  Foundry  Work   to  Patternmaking 
All  patternmakers  should  have  had  sufficient   foundry  ex- 
perience to  enable  them  to  appreciate  the  problems  which  the 
molder    has    to    solve    in    using    patterns    to    produce    perfect 
castings. 
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The  patternmaker  is  the  man  who  usually  decides  how  a 
piece  is  to  be  cast;  in  other  words,  before  starting  in  to  build 
a  pattern  he  has  to  figure  out  just  how  the  piece  will  be 
molded.  For  example,  to  properly  appreciate  the  importance 
of  sufficient  draft,  the  patternmaker  should  have  had  actual 
experience  in  drawing  patterns  from  the  sand.  The  con- 
struction of  core  boxes,  loose  pieces  in  core  boxes  and  on 
patterns,  etc.,  all  calls  for  a  background  of  foundry  experience 
on  the  part  of  the  patternmaker  in  order  for  him  to  work 
out  all  such  and  many  other  details  so  as  to  facilitate  the 
work   of   the    foundry. 

The  converse  of  the  preceding  statement  is  not  necessarily 
important,  i,  c,  it  is  not  essential  for  a  first-class  foundryman 
to  have  had  experience  as  a  patternmaker,  although  for  a 
foundry   foreman  such   experience  is   desirable. 

Whenever  the  employers  of  large  numbers  of  workmen 
wish  to  plan  for  the  vocational  training  of  their  men  arrange- 
ments should  be  made  for  co-operative  agreement  with  the 
public  schools  in  the  community.  Teaching,  like  other  pro- 
fessions, is  an  art  that  is  best  accomplished  by  those  who 
have  made  it  their  life  business  to  instruct  others. 

In  every  state  a  state  board  for  vocational  education  has 
provided  for  the  promotion  of  trade  and  industrial  education 
through  the  schools  of  the  local  community.  The  agents  of 
the  state  board  are  specialists  with  practical  industrial  experi- 
ence and  are  responsible  for  giving  assistance  to  the  local 
school  officials  in  planning  the  types  of  schools,  selecting 
teachers  and  equipment,  and  for  seeing  that  the  instruction 
is   effective. 

These  two  agencies,  as  well  as  the  federal  board  are 
willing  to  co-operate  with  the  representatives  of  the  foundry 
industry   in   meeting   the   need    for   better    trained    men. 
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Personnel  Problems  in  Modern 
Industry 

By   C.    D.    Dyer   Jr.,    Philadelphia 

In  attacking  any  problem,  it  is  well  to  know  that  which 
we  are  attempting  to  attain.  In  considering  the  solution  of 
personnel  problems,  we  are  fortunate  in  knowing  that  the 
goal  for  which  we  are  striving  is  definitely  attainable.  The 
solution    lies    in    re-establishing    mutual    confidence. 

That  mutual  confidence  existed  in  the  working  relations 
between  owners  and  employed  in  many  cases,  in  that  earlier 
day  when  each  knew  the  other  personally,  is  a  matter  of 
record.  That  the  expansion  and  extension  of  industry  has 
inserted  a  factor  that  makes  the  solution  more  difficult,  will 
be  conceded,  but  the  fact  remains  that  a  revival  of  this 
former   satisfactory   relationship   is   possible. 

In  planning  a  solution,  it  is  well  to  confine  ourselves  to 
terms  that  permit  of  definite  analysis.  For  this  reason,  the 
"capital"  and  "labor"  terms  must  be  discarded  in  favor  of 
the  more  practical  conception  of  "employer"  and  "employed." 
Such  a  division  taken  as  a  basis  of  operation  permits  of  a 
concentration  not  possible  under  the  "capital"  and  "labor" 
alignment. 

For  illustration,  assume  three  workmen  employed  for 
equal  wages.  The  first  may  have  diverted  his  savings  to  the 
purchase  of  securities  in  the  concern  by  which  he  is  em- 
ployed, or  in  other  interests,  perhaps;  the  second  may  have 
acquired  title  to  a  home;  while  the  habits  or  home  demands 
of  the  third  may  have  been  such  that  no  savings  had  been 
effected.  The  same  would  be  found  to  be  true  if  the  re- 
sources of  salaried  executives  were  investigated.  All  men 
devoting  brawn,  skill  or  brain  constructively  whether  as 
presidents,  managers,  skilled  workmen,  clerks  or  laborers, 
could  be  classed  under  the  term  "labor."  They  are  engaged 
ill    producing    wealth    for    the    nation,    from    which    all    derive 
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benefit.  Yet  any  of  these  may  belong  to  or  step  into  the 
so-called  '^capital''  class  overnight.  The  large  number  of 
Liberty  Bond  holders  illustrates  the  possibilities  of  capital 
development  on  the  part  of  many  heretofore  in  the  non- 
capital class. 

In  the  employer  class  will  be  included  those  who  interpret 
policies  and  those  who  plan  and  direct  work.  Under  the  term 
"employed"  will  be  classified  those  who  produce  by  means  of 
their    skill    and    labor,    including,    of    course,    all    office    help. 

In  that  which  follows,  this  definite  line  of  demarcation 
should  be  kept  in  mind,  as  the  solution  is  predicated  on  this 
arbitrary   division.. 

The  corrsummation  of  satisfactory  relations  requires  hearty 
co-operation  from  all  concerned.  It  is  not  enough  that  the 
employer  should  comprehend  the  viewpoint  of  the  employed. 
The  latter  must  with  equal  candor  appreciate  and  accept  the 
ideals  and  purposes  of  the  former.  No  common  imterest  can 
exist  unless  it  is  based  upon  mutual  understanding  and  respect. 

The  three  most  important  factors  in  securing  and  main- 
taining a  proper  industrial  relationship  are:  First,  the  estab- 
lishment of  a  definite  policy,  which  is  not  easy;  secondly,  the 
proper  interpretation  of  such  a  policy,  which  is  even  more 
difficult;  and  thirdly,  the  practical  application  of  details  in 
connection  therewith,  which  is  vital. 

Establishing  a  Definite  Policy 

An  adequate  and  sympathetic  comprehension  of  mutual 
problems  and  mutual  needs  is  a  pre-requisite  to  policy  formula- 
tion. To  be  of  value,  the  policy  must  be  formulalted  with  the 
idea  in  mind  of  permanency,  rather  than  expediency.  It  must 
provide  sufficient  elasticity  to  readily  meet  local  or  changing 
conditions.  For  the  reason  that  it  is  essentially  a  proprietary 
program,  dependent  for  success  upon  the  co-operative  spirit 
developed,  it  is  only  logical  that  the  employed  be  given  every 
opportunity  of  taking  an  active  part  in  its  formulation. 

It  is  not  only  desirable,  but  essential,  that  all  members  of 
the  emplover  class  and  a  majority  of  the  employed  subscribe 
to  its  teachings.     The  four  essentials  to  an  effective  establish- 
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ment  of  policy  and  the  securing  of  the  co-operation  necessary 
to  its  successful  functioning  will  be  briefly  described. 

First — Opportunity  must  be  presented  to  every  member  of 
industry,  be  he  employer  or  employed,  for  advancement,  finan- 
cial remuneration,  and  development  as  a  citizen  and  community 
member,  according  to  his  contribution  to  industry  and  to  society 
at  large.  Many  complications  enter  into  the  drafting  of  a  just 
system  of  rewards.  For  this  reason,  before  making  a  definite 
departure,  an  intensive  study  should  be  made  of  every  element 
involved.  This  system  in  its  final  analysis  should  be  based 
upon  a  dollar's  worth  of  work.  The  fact  that  all  have  not  the 
same  perspective  must  receive  the  consideration  which  it  re- 
quires. A  system  of  rewards  evolved  on  this  basis  and  de- 
veloped as  the  educational  campaign  that  must  go  with  it 
progresses,  may  be  termed  the  **Merit  System,"  but  whatever 
its  terminology,  it  is  essential  to  mutual  understanding. 

Second — The  fact  that  a  return  on  investment  must 
be  forthcoming  and  that  sufficient  capital  resources  must  be 
available  for  the  development  and  extension  of  industry  and 
the  weathering  of  lean  periods  must  be  mutually  recognized. 
This  principle  may  be  termed  the  proprietary  factor  of  safety. 
It  is,  of  course,  directly  interlinked  with  a  just  system  of  re- 
wards. Mutual  recognition  of  these  inseparable  factors  is 
essentnl  to   mutual   confidence. 

Third — The  policy  must  embrace  teachings  of  the  prin- 
ciples of  Americanism.  That  the  majority  of  employed  must 
subscribe  to  a  properly  established  policy,  was  previously 
mentioned. 

It  mu:^  be  admitted  that  there  are  those  associated  with 
industry  who  either  cannot,  or  will  not,  subscribe  to  anything 
coiBtructive.  It  is  fortunate  that  the  latter  type  is  in  the 
minority.  Were  this  not  so,  the  future  outlook  of  American 
industry  would  be  indeed  precarious.  Whether  this  type  will 
be  taken  care  of  by  the  employed  depends  upon  the  degree 
of  success  that  is  attained  in  creating  an  atmosphere  where 
destructive  measures  arising  out  of  unsound  thinking  and  dis- 
loyalty will  not  be  tolerated  by  the  employed. 

The    other    type,    who    by    rea'^on    of    lack    of    earlier    ad- 
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vantages  and  education  have  not,  in  their  present  state,  the 
mental  capacity  to  follow  other  than  the  line  of  least  resistance, 
irrespective  of  consequences,  presents  a  problem  requiring 
constructive  and  persevering  effort  that  cannot  be  sidetracked. 
Coercion  is  not  the  remedy.  The  creation  of  iht?  desire, 
through  precept  and  example,  is  the  initial  requirement  and 
furnishes  the  basis  for  a  solution,  through  educational  means 
of  a  more  tangible  nature  later. 

Fourth — Proper  representation  of  employer  and  employed, 
in  the  formulation  of  the  policy  is  of  prime  importance.  Such 
a  procedure  will  assist  not  only  in  determining  a  basis  of  com- 
mon interest,  but  will  aid  materially  in  its  interpretation  and 
practical    application. 

Unless  these  four  fundamentals  are  the  controlling  influ- 
ences in  the  formulation  of  a  policy,  interpretation  and  prac- 
tical application  become  makeshifts.  Strong  personalities  may 
triumph  temporarily,  but  a  policy  must  be  fundamentally  sound 
to  be  of  permanent  value. 

Proper  Interpretation  of  Policy 

Those  who  interpret  policies  have  arbitrarily  been  tenned 
"employers.'*  It  is  important  that  an  executive  in  charge  of 
any  organization  be  capable  not  only  of  securing  material 
results,  but  of  assuming  leadership  in  developing  morale. 

Morale,  let  it  be  understood,  cannot  be  confin^  to  the 
employed.  \Ve  must  look  to  the  employer  for  leadership. 
Size  up  any  organization.  If  you  find  a  high  type  of  morale 
ill  the  line,  you  may  l>e  sure  of  the  source  of  inspiration.  Only 
when  the  spirit  of  the  square  deal  has  been  inculcated  into 
every  member  of  the  employer  class,  until  it  is  a  very  part  of 
his  every  act  toward  those  with  whom  he  comes  in  contact, 
can  it  be  expected  to  spread  and  develop  loyalty  among  the 
employed. 

Leadership  involves  salesmanship  and  enthusiasm  can  be 
made  contagious.  If  that  which  is  for  sale  is  the  best  pro- 
cural)le,  there  will  be  customers,  as  a  matter  of  course,  pro- 
vide<:l  tlie  salesmen  are  properly  organized  and  directed.  One 
has  but  to  study  the  contributing  causes  to  the  success  of  our 
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great  war  measures,  particularly  in  industry,  to  appreciate  this. 

The  principles  underlying  these  measures  were  basicly 
sound,  but  the  ideas  had  to  be  sold.  When  understanding  was 
secured,  unquahtied  co-operation  followed.  As  a  result,  service 
became  popular,  and  dislo>'alty  in  any  form,  unpopular.  Neither 
employer  nor  employed  countenanced  it. 

The  same  results,  modified  to  peace  time  temperature,  can 
be  secured  in  industry,  by  constructive  morale  cultivation.  The 
start,  however,  must  be  made  among  those  of  the  employer 
class  who  come  in  direct  contact  with  the  employe<l  or  public. 
Any  policy  h  judged  by  this  contact.  It  measures  the  sincerity 
of  the  desire  of  employers  for  an  improved  relationship  and 
it  is  deserving  of  most  earnest  consideration. 

The  practical  medium  for  solving  humanitarian  problems 
siiould  he  under  the  direction  of  an  executive  occupying  a 
status  in  an  organization  not  inferior  to  that  of  the  purchasing, 
production,  or  sales  manager.  When  it  is  considered  that  the 
greatest  asset  in  industry — the  human  element — is  entrusted  to 
him,  the  reason  for  this  will  be  apparent.  His  department 
serves  as  a  clearinghouse  and  should  constructively  influence 
the  interpretation  of  policy  according  to  conditions  as  it  finds 
them  in  tlK:  field,  and  should  further  convey  to  the  employed 
in  its  practical  application  of  details  the  ideals  and  purposes 
of  the  management.  The  effectiveness  of  this  medium  depends 
to  a  large  extent  upon  the  honesty  of  purpose,  tact,  and  execu- 
tive and  judicial  ability  of  the  industrial  relations  manager,  and 
on  his  ability  to  develop  these  qualities  in  his  associates. 

Practical  Application  of  Details 
In  considering  the  practical  application  of  details  it  is 
obviously  unpractical  to  even  suggest  the  type  of  organization 
that  should  be  developed  to  handle  personnel  problems  in  any 
particular  organization.  Local  requirements  must  determine 
this.  The  consideration  will  therefore  be  limited  to  a  descrip- 
tion of  functions. 

Tlie    most    important    of    these    are    employment,    hospital 
and    service,    further    functionized    as    follows: 

1.     Employment. — This   function  usually  embraces  re- 
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cruiting,  hiring,  adjustment  of  problems  arising  out  of  and 
in  the  course  of  employment,  and  discharging. 

2.  Hospital. — This  function  usually  includes  medical, 
surgical,  dental  and  visiting  nurse  service  and  sanitation. 

3.  Service. — Under  this  function  is  usually  included 
safety,  compensation  claims  and  adjustments,  housing,  wash- 
rooms and  lockers,  transportation,  legal  aid,  loans,  educa- 
tion, mutual  benefit  and  other  employes'  insurance  soci- 
eties, employes'  activities — religious,  musical,  social,  athletic, 
etc. — Americanization  training  and  assistance  in  securing 
citizenship  papers,  commissary,  co-operative  stores,  pub- 
lications, and  general  service  to  employes,  and  in  some 
cases  plant  protection  ami  fire  departments. 

Duties  of  the  Employment  Department 

An  employment  department  is  essentially  a  sales  agency. 
It  must  have  access  to  an  available  supply  of  its  commodity 
for  the  prompt  filling  of  requisitions  of  varying  specifications. 
In  its  transactions  it  has  two  customers.  One  is  the  man  to 
whom  it  must  sell  the  job.  At  this  stage  careful  selection  is 
essential,  because  the  second  customer,  the  requisitioner,  must 
be  presented  with  a  product  which  will  satisfy  his  requirements. 
If  both  are  satisfied,  all  is  well. 

However,  the  employment  department  must  operate  upon 
the  principle  that  its  customers  are  always  right.  Goods  falling 
short  of  specifications  are  returnable.  It  must  stand  behind  its 
sales  and  be  prepared  to  make  all  necessary  adjustments.  Mis- 
understandings may  be  the  root  of  the  dissatisfaction  of  both 
customers.  Sometimes  they  can  be  straightened  out;  in  other 
cases  transfers  or  discharges  are  required. 

The  foregoing  in  a  few  words  describes  the  function  of  a 
highly  specialized  work  where  personality  and  judgment, 
coupled  with  a  highly  specialized  routine  essential  to  proper 
application,  play  an  important  part. 

Scope  of  Work  of  Hospital  Department 

The  function  of  conserving  the  life,  limbs,  health  and 
time  of  employes  through  adequate  and  prompt  surgical, 
medical  and  dental  service  has  been  well  established  in  in- 
dustry for  some  time.     Sanitation,  or  the  elimination   of   un- 
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healthful  conditions  and  habits  is  approaching  that  status. 
The  employer  and  employed  have  learned  to  appreciate  how 
essential  it  is  to  their  mutual  interest  that  the  human  machine 
be  kept  efficient.  This  has  been  brought  about  by  constant 
education  and  practical  observation. 

Activities  of  Service  Department 

The  service  activities  are  those  through  which  the  medium 
of  common  interest,  man  to  man,  can  be  practically  established. 
It  constitutes  the  morale  builder,  through  the  development  of 
latent  possibilities,  which  possibilities  crave  expression  in  em- 
ployer and  employed  alike.     It  is  the  common  meeting  ground. 

No  other  department  can  come  so  closely  in  contact  with 
aspirations  and  needs  of  the  employed  and  create  constructively 
to  the  material  benefit  and  added  content  of  all  concerned. 
This  is  especially  true  when  the  families  of  the  employed  arc 
given  opportunity  to  co-operate.  This  is  a  thing  that  cannot 
be  purchased.  It  must  be  constructively  enlisted.  The  stabiliz- 
ing effect  of  a  24  hour  a  day  attachment  is  self-evident  and  it 
brings  with  it  a  growing  and  more  closely  cemented  loyalty. 

Co-operation  from  the  employer,  essential  in  all  depart- 
ments, is  vital  in  this  department.  Nowhere  is  whole-hearted 
interest  so  much  appreciated,  and  nowhere  will  total  indiffer- 
ence meet  with  such  disastrous  results. 

Conclusion 

1  his  summary  of  general  principles  derived  from  a  review 
of  progress  made  in  solving  personnel  problems  is  presented 
to  you  with  the  definite  knowledge  that  mutual  confidence  be- 
tween emj)loyer  and  employed  does  exist  in  certain  organiza- 
tions and  with  the  firm  conviction  that  it  can  be  revived  or 
developed,   as  the   case   may  be,   in  others. 

An  internal  problem  is  involved.  Definiteness  of  policy 
combined  with  a  broadminded  interpretation  in  which  the  em- 
ployei  must  assume  leadership  in  the  development  of  morale, 
and  square  and  aboveboard  dealings  furnish  the  framework 
for   constructive   improvement. 
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Mr.  J.  C  Wright. — I  would  Hke  to  ask  the  first  speaker 
whait  his  conclusions  were  as  to  labor  turnover.  He  stated  that 
the  labor  turnover  was  about  150  per  cent.  Do  we  conclude 
that  this  means  that  these  men  were  going  into  other  jobs,  or 
were  they  going  from  plant  to  plant  and  remaining  in  foundry 
work? 

Mr.  C.  C.  Schoen. — Foundries  keep  no  accurate  records 
of  the  young  men  that  are  going  in  and  out.  They  take  young 
men  into  their  shops  and  discover  that  in  order  to  maintain 
their  full  quota  of  apprentices,  whtch  of  course  is  not  up  to  the 
full  quota  allowed,  they  have  a  turn-over  of  approximately 
150  per  cent. 

In  regard  to  the  statement  that  competent  instructors  can 
be  obtained,  I  have  tried  to  distinguish  between  the  men  who 
do  the  training  in  the  shop  and  the  men  who  do  the  instructing. 
It  has  been  found  from  experience  that  it  is  easier  to  get  men 
to  train  apprentices  on  the  job  but  rather  hard  to  get  men  to 
take  in  a  class  of  15  or  20  apprentices  and  explain  to  thetn 
the  theory  of  foundry  work. 

Mr.  Wright. — Your  second  teacher  I  assume  is  not  within 
the  industry? 

Mr.  Schoen. — He  should  be  taken  from  the  industry  but 
he  cannot  be  found.  Some  factories  endeavored  to  take  some 
of  their  foremen  and  send  them  before  their  apprentices  to 
lecture  on  the  theory  of  foundry  training  but  they  "could  not 
do  that  because  of  the  lack  of  understanding  of  theory  on  the 
part   of  the   foremen. 

Mr.  Fisher. — I  want  to  ask  Mr.  Wright  whether  the  fed- 
eral board  for  vocational  training  would  be  willing  to  help  us 
conduct  our  vestibule  school.  We  have  instituted  in  our  Detroit 
plants  a  foundry  vestibule  school  and  have  adapted  it  as  far 
as  possible  to  the  principles  of  training  which  Mr.  Allen  of  the 
board  has  laid  down  in  his  book,  'The  Instructor,  the  Man 
and  the  Job." 

192 
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Mr.  Wright. — In  answer  to  your  question,  the  vocational 
education  act  provides  for  the  federal  board  to  make  or  cause 
to  have  made  studies,  investigations,  and  reports  with  particular 
reference  to  their  use  in  aiding  the  states  in  the  establi-shment 
of  vocational  schools  or  classes  and  in  giving  instruction  in 
agriculture,  trades  and  industries,  commerce  and  commercial 
pursuits  and  home  economics.  Such  studies,  investigations,  and 
reports  shall  include  agriculture  and  agricultural  processes  and 
requirements  upon  agricultural  workers;  trades,  industries,  and 
apprenticeships,  trade  and  industrial  requirement?s  upon  indus- 
trial workers,  and  classification  of  industrial  processes  and 
pursuits;  commerce  and  commercial  pursuits  and  requirements 
upon  commercial  workers ;  home  management,  domestic  science, 
and  the  study  of  related  facts  and  principles ;  and  problems  of 
administration  of  vocational  schools  and  of  "courses  of  study 
and  instruction  in  vocational  subjects. 

If  the  school  you  have  organized  in  Detroit  is  managed 
entirely  by  your  concern ;  if  the  teachers  are  paid  by  the  com- 
pany no  federal  funds  should  be  used  for  reimbursement  since 
the  school  is  not  under  public  supervision  and  cpptrol.  Only 
through  advice  and  assistance  in  the  way  of  publications  could 
we  co-operate. 

Mr.  ScnoEN. — The  committee  on  foundry  training  con- 
sisted of  Dr.  Moldenke,  Messrs.  Steele,  Dosey,  Kennedy,  Hoff- 
man and  others.  Mr.  Steele  and  Mr.  Dosey  and  a  number  of 
other  men  have  compiled  a  large  ntmiber  of  excellent  question 
sheets  and  it  was  deemed  advisable  to  print  a  number  of 
pamphlets  covering  these  standard  question  sheets  that  every 
apprentice  ought  to  know  pertaining  to  his  work.  Now  the 
question  comes  up  as  to  who  would  bear  the  expense  of  these 
pamphlets. 

Mr.  Wright. — I  regret  that  our  printing  fund  has  been 
budgetted  for  the  year.  We  would  be  unable  to  co-operate  in 
the  matter  of  printing  this  year.  It  would  be  possible  under 
certain  conditions  to  get  the  material  ready  and  put  it  into  the 
budget  for  the  next  fiscal  year,  beginning  July  1,  1920.  but  not 
before  them. 


Digitized  by  VjOOQ IC 


194  American  Foundrymen's  Association 

The  Chairman,  Dr.  C.  B.  Connelley. — I  think  that  inas- 
much as  Mr.  Schoen  is  training  men  for  foundry  -work,  if  the 
committee  is  lacking  funds,  we  might  through  the  industrial 
committee  of  the  association  be  able  to  have  your  report 
covered  and  distributed  to  the  members  of  the  associadon. 
We  must  have  this  report  now  and  we  want  to  produce  it  now 
because  of  the  imrest  and  the  conditions  of  American  fotmdry- 
men.  I  venture  to  assert  that  the  American  Foundrymen's 
association  will  see  to  it,  when  the  report  is  ready,  that  it  is 
printed. 

Mj^  Porter. — I  would  like  to  ask  Mr.  Calder  in  choosing 
his  executives,  foremen,  or  higher  up  men,  what  weight  he 
pirts  onto  the  different  qualifications  of  the  men? 

Mr.  Calder. — The  subject  of  selecting  personnel  is  entirely 
foreign  to  the  paper  which  I  gave.  It  is  a  very  large  subject, 
and  the  picking  out  of  men  by  the  manager  or  the  higher  execu- 
tives is  not  del^^ted  even  to  them  but  to  people  who  have 
made  a  specialty  of  it.  I  don't  think  the  average  business 
executive  of  a  plant  can  put  himself  in  a  position  of  doing 
much  of  that  kind  of  work,  but  if  your  man  is,  say  a  foreman 
of  an  assembling  department  where  machine  operations  don't 
count  for  a  great  deal,  but  where  manual  dexterity  and  care- 
fulness on  the  part  of  the  worker  has  a  great  deal  to  do  with 
the  quantity  and  quality,  then  the  man  you  would  put  in 
charge  of  that  group  would  have  to  be  mentally  in  his  habits 
of  observation  and  thoroughness,  concentration  and  judgment, 
a  much  better  man  than  a  man  who  simply  was  a  foreman  of 
a  group  of  machine  hands.  The  relative  weights,  of  course, 
have  to  be  figured  out  to  some  scale,  but  I  don't  think  I 
could    give    any    oflfhand    opinion    on    the    question    as    asked. 

Mr.  E.  T.  Miller. — May  I  ask  whether  you  have  had 
any  experience  in  having  groups  of  shops  in  your  foremen's 
schools,  or  whether  they  were  always  confined  to  one  shop? 

Mr.  Calder.— Yes,  where  the  individual  shops  are  small. 
We  never  have  a  class  of  less  than  25,  and  they  run  up  to  200. 
I  would  prefer  that  they  shouldn't  run  over  100,  but  where  in 
a  city  like  Buffalo,  Springfield,  Hartford,  or  New  Haven  there 
are  groups  of  foremen  under  25  in  numbers  in  various  small 


Digitized  by  VjOO^ IC 


Discussion  of  Industrial  Relations  195 

industrial  plants,  we  have  had  public  classes  with  anything  from 
70  to  150  men  in  them,  and  these  groups  of  foremen  met  in 
the  same  way,  but  you  can  never  get  the  same  amount  of  inter- 
change, and  certainly  you  can't  get  the  amount  of  private  talk 
with  the  foremen  in  a  public  class  as  you  would  in  a  private 
class. 

We  have  combination  classes,  but  the  greatest  benefit  of 
the  course  is  derived  where  the  group  is  not  so  large,  where 
all  know  one  another  and  where  they  have  to  work  together 
and  co-operate.  This  result  is  still  obtainable  where  the  public 
group  is  all  from  one  industry,  such  as  founding  and  all  inter- 
ested in  the  same  material  and  htmian  problems.  They  meet 
together  on  a  common  ground  at  these  meetings  with  experi- 
enced men  and  talk  about  present  day  economic  artd  industrial 
questions.  We  believe  that  education  isn't  pumping  in;  it  is 
drawing  out,  and  then  in  the  discussion  of  the  subject  you 
can  keep  it  going  for  half  an  hour  or  so  or  until  the  interest 
is  exhausted. 

The  Chairman,  Dr.  C.  B.  Connelley. — In  the  state  of 
Pennsylvania  we  are  handling  many  men  in  industrial  work. 
I  attended  a  conference  not  long  ago  where  I  said  I  believed 
that  the  narrowness  of  the  workingman  as  well  as  of  the 
manufacturers  is  due  to  the  literature  they  read.  I  said  to  the 
woricingmen  that  if  they  would  get  out  of  the  rut  of  reading 
one  kind  of  literature  and  would  try  to  get  a  broader  sense 
of  the  work  in  which  they  are  engaged  and  get  the  views  of 
different  people  in  the  country,  that  they  would  be  much  better 
informed.  I  was  trying  to  get  the  equalization  on  a  50-50 
basis  between  the  manufacturing  and  laboring  concerns. 
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By  Harrison  E.  Howe,  Washington,  D.  C. 

The  last  four  years  have  surely  emphasized  the  dependence 
of  material  progress  upon  science  and  co-operative  effort.  We 
have  even  come  to  the  point  where  something  of  benefit  can  be 
seen  in  the  pooling  of  our  technical  practice  and  experience, 
while  in  some  lines  we  have  found  that  in  revealing  trade 
secrets  we  have  been  surprised  how  often  we  have  gained  more 
than  we  have  given  in  the  exchange.  We  have  come  to  com- 
prehend the  truth  of  the  prophecy  made  some  years  ago  that 
the  industrial  progress  or  trade  supremacy  of  a  nation  will  be 
in  proportion  to  the  thoroughness  with  which  science  is  utilized 
by  the  nation.  This  has  been  appreciated  more  fully  by  some 
countries  than  by  others,  but  the  war  has  thrown  into  bold 
relief  those  places  where  science  has  not  been  fostered  as  it 
should  have  been,  and  particularly  those  nations  unable  to 
organize  and  mobilize  their  scientific  agencies.  The  rapidity 
with  which  scientific  industrial  research  has  been  organized 
in  the  British  empire,  the  United  States,  Japan  and  Italy, 
together  with  the  results  achieved,  is  one  of  our  modern  won- 
ders, and,  realizing  that  the  same  raw  materials,  methods  and 
processes  enter  into  the  manufacture  of  both  war  and  peace 
materials,  the  various  countries  have  adopted  the  policy  of 
establishing  permanent  research  agencies.  The  extent  to  which 
this  has  been  done  is  pointed,  out  in  National  Research  Council 
bulletin  No.  1. 

Great  Britain  Encourages  Research 

Great  Britain  has  been  active  in  officially  encouraging 
research  and  has  formed  a  government  department  of  scientific 
and  industrial  research. 

Industries  or  groups  of  related  industries  are  being  encour- 
aged to  form  research  associations  and  the  British  government 
stands  prepared  to  furnish  one-half  the  required  funds.  In  all, 
nearly  30  such  projects  are  on  foot  and  of  these  at  least  three 
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have   been   licensed   while   six   others   are   ready   to   apply   for 
licenses.     The  subjects  covered  range  from  alloys  to  wool. 

An  extreme  example  is  to  be  found  in  the  association 
formed  by  the  iron  manufacturers  who,  in  order  to  be  free 
from  the  control  which  is  inseparable  from  the  use  of  public 
funds,  have  themselves  provided  the  necessary  money  and, 
in  addition  to  sharing  mutually  in  all  results  of  the  research, 
propose  to  pool  their  experience  and  present  information,  even 
including  trade  secrets. 

Progressive  Work  Necessary  in  United  States 

It  scarcely  seems  necessary  to  further  emphasize  the  neces- 
sity of  similar  progressive  work  being  undertaken  in  the  United 
States  if  we  are  to  continue  in  the  favorable  position  we  have 
proverbially  occupied  in  industry.  With  the  possible  exception 
of  Germany,  America  has  led  in  industrial  research  through  the 
efforts  of  individual  manufacturers,  government  departments, 
fellowships,  research  institutions  and  various  commercial  lab- 
oratories, but  where  one  concern  has  been  prepared  to  con- 
si.stently  and  continuously  support  research,  of  a  fundamental 
type,  tiiousands  have  done  nothing  and  have  been  content  to 
draw  upon  sources  of  knowledge  created  by  others. 

We  have  many  examples  here  in  America  of  what  research 
means  to  an  industry.  As  Dr.  C.  E.  Kenneth  Mees  has  said, 
the  incandescent  lamp  industry,  which  originated  in  the  United 
States  with  the  carbon  lamp,  would  have  certainly  been  lost 
to  the  United  States  when  the  tungsten  filament  was  developed 
but  for  the  research  laboratory  of  the  General  Electric  Co. 
That  laboratory  literally  fought  for  the  prize  and  held  first 
place  in  the  development  of  the  first  drawn  tungsten  wire  fila- 
ment. This  has  been  followed  by  the  inert-gas-filled  incan- 
descent lamp  bulb,  which,  it  should  be  noted,  was  really  the 
result  of  research  in  pure  science  begun  without  immediate 
reference  to  its  industrial  application.  A  very  considerable  list 
of  researches  which  have  paid  for  themselves  many  times  over 
could  be  compiled,  and  an  English  authority  has  pointed  out 
that  the  investment  made  in  the  researches  of  the  German  dye 
firms  has  perhaps  been  the  best  investment  the  world  has  known. 
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We  can  pay  tribute  to  the  work  of  existing  laboratories  on 
alloys,  both  ferrous  and  non  ferrous,  and  still  say  with  emphasis 
that  the  problems  are  so  fundamental  that  no  one  laboratory 
as  now  organized  can  profitably  do  all  the  necessary  work. 
No  doubt  many  of  these  laboratories  can  be  fully  utilized  for 
phases  of  the  problems  in  which  they  are  expert,  but  there 
still  remains  so  much  to  be  done  in  the  interest  of  so  many 
manufacturers  that  it  is  believed  a  co-operative  movement 
should  be  initiated.    How  can  this  be  accomplished? 

A  few  paragraphs  above  attention  was  called  to  the  official 
encouragement  given  by  the  British  government  to  the  forma- 
tion of  such  co-operative  associations.  In  the  United  States  the 
National  Academy  of  Science  was  chartered  in  1863,  one  of  its 
functions  being  to  investigate,  examine,  experiment  and  report 
upon  any  subject  of  science  or  art  whenever  called  upon  to  do 
so  by  any  government  department,  and  from  that  time  on 
the  academy  has  discharged  these  duties  with  distinction.  Very 
early  in  the  great  war  the  academy  offered  its  services  to  co- 
ordinate the  research  facilities  of  the  country,  and  upon  being 
requested  to  do  so  by  the  President  of  the  United  States  formed 
the  National  Research  council  in  co-operation  with  the  various 
national  scientific  and  technical  societies.  The  work  done  by 
this  organization  was  of  such  merit  that  the  President  later 
requested  the  academy  to  perpetuate  it.  The  chief  objects  of 
the  council  are  to  increase  the  amount  of  research  being  done 
in  the  country  and  to  help  train  men  capable  of  doing  research, 
interpreting  it  and  utilizing  information  so  gained.  It  will 
be  seen,  therefore,  that  while  enjoying  the  approval  and  support 
of  the  government,  the  National  Research  council  is  not  a 
government  body  and  differs  in  that  respect  from  the  English 
organization.  The  council  proposes  at  this  time  to  promote  the 
organization  of  an  association  for  the  conduct  of  research  upon 
alloys. 

Plan  Should  Embrace   Users  of  Alloys 

In  Great  Britain  research  associations  are  formed  primarily 
among  manufacturers,  but  it  has  seemed  to  the  National  Re- 
search council  that  users  of  a  material  have  much  in  common 
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and  are  less  in  competition  than  are  manufacturers  of  such  a 
material  and  it  is  believed,  therefore,  that  under  our  conditions 
better  headway  can  be  made  by  forming  an  association  com- 
posed primarily  of  users,  but  by  no  means  excluding  producers. 
It  is  believed  also  that  work  of  this  character  should  be  done 
by  the  industries  themselves.  Individuals  alone  could  proceed 
but  slowly  to  discover  all  that  science  has  to  teach  on  these 
special  subjects,  but  individuals  banded  together  in  such  an  asso- 
ciation can  make  great  progress.  And,  it  is  not  a  matter  wholly 
for  the  government  although  certain  phases  of  the  question 
clearly  come  within  the  field  of  the  bureau  of  standards,  bureau 
of  mines  and  the  geological  survey.  The  alloys  industry  is 
widely  scattered  and  the  men  interested  very  numerous  so  that 
a  new  method  must  be  sought.  The  industries  have  the  most 
to  gain;  the  industries  should  control  the  work;  the  industries 
should  pay  for  the  work ;  and  it  seems  obvious  that  the  best  and 
most  efficient  method  is  to  undertake  the  project  in  co-operation. 

The  laboratory  of  the  Alloys  Research  association  will 
establish  a  regular  information  service  by  means  of  which  the 
individual  firms  will  be  kept  abreast  of  the  technical  develop- 
ments at  home  and  abroad.  To  provide  such  service  for  itself 
any  firm  would  have  to  employ  at  least  the  entire  time  of  one 
man  to  read  and  translate  the  technical  literature  from  all  parts 
of  the  world.  The  laboratory  will  be  prepared  to  supply  a 
translated  copy  of  any  foreign  article  of  special  interest  and 
will  answer  technical  questions  in  as  great  detail  as  the  scope 
of  its  own  and  allied  organizations  will  permit.  The  laboratory 
will  publish  much  of  interest  to  other  branches  of  science,  and 
will  be  the  best  possible  point  of  contact  between  the  interests 
which  it  represents  and  other  industries  interested  in  the  utiliza- 
tion of  materials  under  study  in  the  form  in  which  they  are  sold. 

What  kind  of  problems  would  be  undertaken?  These  may 
be  considered  under  two  general  divisions:  those  relating  to 
pure  research,  and  the  practical  application  of  information  so 
gained  which  we  designate  as  industrial  research.  In  the  past 
it  has  been  difficult  to  have  some  manufacturers  realize  that 
pure  research,  so  often  classified  by  them  as  academic  or 
something  in  which  the  college  professor  only  was  interested,  is 
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m  reality  something  absolutely  essential  to  them  in  the  conduct 
of  their  manufacturing  business.  Some  of  the  observations 
recorded  in  this  manner  have  become  of  unexpected  value  later 
on,  and  such  an  extremely  utilitarian  device  as  the  wireless 
telephone,  if  traced  back,  will  be  found  to  express  in  practical 
form  the  results  of  some  half  dozen  or  more  purely  academic 
experiments  and  mathematical  calculations. 

•    "^  Function  of  Independent  Laboratory 

Indeed,  it  is  because  a  works  laboratory  is  more  often  a 
trouble  department  to  which  the  organization  turns  for  control 
and  the  solution  of  immediate  manufacturing  problems  that  the 
Research  association  must  be  formed,  in  order  that  we  may 
obtain  the  facts  upon  which  the  laws  governing  the  observ^ed 
phenomena  can  be  formulated  for  our  guidance.  When  as 
a  result  of  pure  research  we  find  out  what  takes  place  in  an 
alloy  when  it  undergoes  changes  to  which  it  is  subjected,  then 
we  shall  be  better  able  to  find  ways  to  so  control  these  changes 
as  to  give  us  desired  results  to  meet  certain  specifications.  Our 
information  on  the  properties  of  pure  metals  is  really  fragmen- 
tary, and  in  many  cases  the  recorded  data  cannot  be  fully  util- 
ized because  the  complete  history  of  the  sample  is  not  known. 
The  phase  rule  diagram  has  been  nearly  completely  worked 
out  in  the  case  of  certain  pairs  of  metals,  but  many  important 
pairs  have  not  been  adequately  studied.  When  we  come  to 
three  component  systems  scarcely  anything  has  been  done,  while 
the  possible  number  of  combinations  that  could  be  studied  is 
very  large  indeed. 

In  determining  quantitatively  the  relation  between  the 
physical  properties,  the  chemical  composition  and  the  constitu- 
tion of  these  various  alloys,  all  the  physical  properties  must  be 
accurately  measured,  first  in  the  case  of  the  pure  metals  enter- 
ing into  these  combinations,  and  then  of  the  combinations  them- 
selves. Soon  relationships  will  be  established  such  that  predic- 
tions can  be  made,  and  if  we  can  be  guided  by  the  experience 
of  those  scientists  who  have  used  three  component  system 
diagrams  to  remove  the  mystery  concerning  the  manufacture 
of    optical    glass    and    make    it    possible    to    produce    glass    of 
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distinct  physical  constants  almost  by  mathematical  computation, 
we  ought  to  be  able  to  choose  constituents  for  some  types  of 
alloys  to  meet  exacting  requirements  by  similar  methods..  At 
present  in  many  cases  the  properties  of  the  constituent  metals 
yield  very  little  guidance  in  predicting  the  useful  properties 
of  an  alloy  and  these  may  depend  upon  very  close  control  of  a 
number  of   dependent   variables. 

Perhaps  it  would  be  useful  to  recall  some  of  the  properties 
which  should  be  determined  in  each  instance  in  order  that  the 
magnitude  of  the  work  may  be  appreciated  as  well  as  the  im- 
portance of  the  data  which  can  be  obtained  in  no  other  way. 
Density,  hardness,  fatigue,  tensile  strength,  elongation,  com- 
pressibility, elasticity,  torsion,  shear,  bending  and  hydraulic 
determinations  should  be  made.  These  are  all  mechanical  tests 
and  should  be  conducted  at  high  temperatures  ordinarily  and 
also  low  temperatures.  Then  there  is  the  melting  point,  the 
critical  point,  specific  heat,  heat  of  fusion,  heat  of  vaporization, 
conductivity  and  expansion,  and  these  must  be  determined  over 
the  same  range  of  temperatures.  Another  group  of  tests  has 
to  do  with  electrical  and  magnetic  properties  and  concerns 
capacity,  resistance,  susceptibility,  permeability,  radiation,  ab- 
sorption, emissivity,  and  thermo-electric  properties.  We  must 
also  consider  solubility,  susceptibility  to  attack  by  acids  and 
alkalies,  porosity  of  metals,  effect  of  outside  agencies  such  as 
pressure    and    magnetic    field    and    the    effect    of    impurities. 

Special  Problems  Confront  Research  Workers 

As  to  the  practical  side,  it  will  perhaps  be  more  striking 
to  present  our  subject  from  specific  rather  than  from  general 
examples  of  application.  If,  as  might  conceivably  be  the  case, 
it  were  possible  to  produce  an  alloy  of  aluminum  that  would 
have  the  necessary  strength  and  at  the  same  time  a  surface  not 
so  readily  oxidized  as  is  the  case  with  present  aluminum  alloys, 
a  great  need  would  be  met  in  the  rubber  tire  industry  where 
steel  forms  are  now  used  in  the  manufacture  of  inner  tubes. 
The  aluminum  is  not  only  much  lighter  to  handle  but  it  gives 
a  better  surface  and  has  other  properties  which  make  it  desir- 
able.    Alloy  steels  have  been  a  great  factor  in  making  inex- 
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pensive  automobile  parts,  for  in  comparison  with  high-carbon 
steels  or  similar  alloy  steels  having  the  required  characteristics 
the  machineability  of  vanadium  steel,  for  example,  is  such 
that  a  part  costing,  say,  $6.50  when  finished  would,  because 
of  the  difference  in  labor,  cost  more  than  $13  if  the  high-carbon 
steel  was  used.  This  last  mentioned  steel  requires  grinding, 
and,  while  the  difference  in  the  cost  of  raw  materials  is  ex- 
tremely small,  the  labor  item  becomes  the  governing  factor. 
In  steels  the  word  "alloy"  appears  to  have  become  a  panacea, 
and  yet  our  knowledge  is  very  limited  and  the  tendency  is  to 
use  an  alloy  steel  because  it  is  an  alloy  and  not  always  because 
there  is  sufficient  reliable  data  to  justify  its  use. 

One  of  the  serious  alloy  problems  is  to  find  a  method  of 
increasing  segregation  in  high-silicon  irons  so  that  they  may 
become  ideal  from  la  machining  standpoint  without  reducing 
their  resistivity  to  the  actions  of  acids  and  other  reagents 
entering  into  the  reactions  of  industrial  chemistry. 

Could  Give  Attention  to  Occluded  Gases 
There  seems  reason  to  believe  that  the  occluded  gases  in 
metals  may  have  a  more  serious  effect  than  some  of  the  impuri- 
ties which  we  take  great  pains  to  eliminate.  Qnly  recently  has 
accurate  pyrometry  been  given  proper  attention,  and  the  results 
obtained  fully  justify  the  continuation  of  that  work  in  accord- 
ance with  a  well-thought-out  and  extensive  program. 

There  is  a  mtiltitude  of  problems  yet  unsolved  in  the  art 
of  die-casting,  and  many  parts  made  by  other  processes  might 
be  better  made  by  die-casting  if  we  knew  enough  fundamental 
data  concerning  pure  metals  and  their  mixtures  to  enable  us 
to  compound  the  exact  alloy  for  the  particular  purpose.  Un- 
soundness, believed  to  be  caused  by  entrapped  air,  is  one  of  the 
great  difficulties  which  might  conceivably  be  overcome  if  our 
stock  of  knowledge  were  to  be  increased.  Better  compositions 
for  crank  shafts  are  needed  as  well  as  marked  improvements 
in  stream  line  steel  or  other  tubing  for  aircraft  production. 

Recent  experiments  with  one  of  the  old  and  much  dis^ 
cussed  bronze  formulae  has  shown  that  slight  variations  from 
the  original  empirical  formula  results,  under  proper  conditions, 
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in  a  much  better  metal,  and  there  are  many  similar  examples 
that  could  be  mentioned. 

A  study  of  steel  deoxidizers  and  particularly  an  investiga- 
tion of  the  use  of  the  alkaline  earth  metals  for  that  purpose 
could  be  undertaken  with  profit.  Then  there  is  the  investigation 
of  the  deoxidizers  for  nonferrous  alloys,  their  relative  efficiency 
and  function.  A  research  could  also  be  conducted  along  broad 
lines  on  the  influence  of  the  rare  metals  in  nonferrous  alloys,  a 
field  in  which  our  information  is  very  meager.  Magnesium  and 
related  metals  should  be  studied  with  reference  to  their  use 
as  deoxidizers   for  aluminum. 

Use  of  Motion  Picture  Camera  in  Research 

As  an  indication  of  the  practical  importance  of  working 
out  new  methods,  we  may  cite  the  use  of  the  motion  picture 
camera  using  the  microscope  as  a  lens,  by  means  of  which  the 
complete  story  of  minute  changes  in  structures  of  crystals  has 
been  recorded  in  the  case  of  metal  undergoing  repeated  stresses 
to  the  breaking  point.  The  film  indicates  that  failure  takes 
place  gradually,  beginning  the  moment  the  metal  is  first  put 
under  stress,  and  in  future  we  may  be  able  to  tell  from  the 
micro-photograph  how  much  of  its  serviceable  life  a  cable  or 
other  metallic  member  may  have  passed.  With  such  apparatus 
at  hand  to  determine  how  iron  and  steel  deteriorate  or  weaken 
under  stress,  investigations  may  be  instituted  leading  to  heat 
treatment  to  prolong  the  life  of  certain  alloys  and  make  them 
less  liable  to  fatigue  or  to  gradual  or  sudden  deterioration. 
This  information  would  enable  us  to  prolong  the  life  of  cables 
and  ropes  for  elevators  and  bridges,  and  to  apply  this  new 
knowledge  in  other  directions  to  conserve  both  life  and  material. 

There  are  a  multiplicity  of  ways  in  which  data  compiled 
by  the  Research  association  could  be  applied  in  a  practical  and 
profitable  manner.  Costly  metals  would  doubtless  be  replaced 
by  less  expensive  ones  equally  adapted  for  special  uses.  Alloys 
would  be  developed  for  new  applications  and  there  would  be 
miscellaneous  improvements  that  are  self-evident. 

The  laboratory  of  the  Alloys  Research  association  will  find 
a  tremendous  amount  of  profitable  work  to  do  besides  conduct- 
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ing  research  along  specific  lines.  It  could  do  a  certain  amount 
of  testing  as  a  check  on  and  in  co-operation  with  other  labora- 
tories; it  could  participate  very  effectively  in  work  looking 
to  the  improvement  of  specifications;  it  could  undertake,  per- 
haps on  a  semicommercial  scale,  variations  in  present-day 
empirical  formulae,  which  the  average  manufacturer  fears  to 
change.  In  many  cases  the  laboratory  could  serve  as  a  final 
court  of  arbitration  should  disputes  arise,  and  for  the  account 
of  any  member  of  the  association  could  undertake  the  solution 
of  such  problems  as  might  not  be  of  sufficient  importance  to 
benefit  the  entire  association.  This  work  could  be  done  at  cost. 
It  is  reasonable  to  expect  that  such  a  laboratory  would 
become  a  final  training  school  for  men  engaged  in  alloy  work, 
and  we  might  soon  find  that  the  better  men  throughout  the 
industry  had  at  some  time  or  other  been  engaged  in  association 
work,  either  at  the  central  laboratory  or  in  some  one  of  the 
co-operating  laboratories. 

This  association  will  draw  its  members  from,  first,  firms 
not  now  supporting  a  laboratory ;  second,  firms  having  a  labora- 
tory but  unable  to  devote  the  requisite  time  to  fundamental 
research;  third,  firms  similarly  placed  and  working  upon  some 
phase  of  the  problem  but  interested  in  conducting  research  in 
a  broader  way  than  the  expense  would  justify  in  their  own 
establishment;  fourth,  firms  having  but  a  secondary  interest 
in  alloys  but  nevertheless  willing  to  contribute  to  the  support 
of  the  association  in  order  that  a  properly  equipped  and  staffed 
laboratory  may  be  at  hand  to  which  they  may  refer  an  occa- 
sional problem  of  importance  to  them;  and  finally,  those  firms 
which  appreciate  the  importance  of  the  work  and  join  the 
association    for  advanced   information   not   otherwise   obtained. 

Members  of  the  association,  whatever  their  part  in  the 
support  of  the  laboratory,  will  find  I  he  total  expense  but  a 
fraction  of  their  employers'  liability  insurance  and  of  their 
fire  insurance.  The  returns  are  sure  to  be  many  times  the 
expense,  and  one  basic  discovery  alone  would  easily  pay  for 
the  whole  undertaking. 
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A  Prime  Cause  of  Inefficiency  in 
Industrial  Organizations 

By  Frank  B.  Gilbreth  and  L.  M.  Gilbreth,  Montclair,  N.  J. 

All  trades,  and  particularly  those  connected  with  the 
foundry  industry,  are  necessarily  inefficient  today.  What  are 
the  causes? 

There  are  demands  for  changes  in  wages,  for  better  hours, 
and  for  increased  production.  Whether  or  not  the  demands 
are   just,   they  must  be  answered  in  some  way. 

Ihe  answer  lies  in  the  increase  of  skill.  In  the  paper 
presented  to  this  association  last  year,  the  authors  showed  how 
skill  could  be  discovered,  measured,  standardized,  and  trans- 
ferred, and  we  brought  as  illustrations  many  films  that  showed 
in  great  detail  the  various  stages  of  the  process. 

Last  year  the  problem  facing  the  foundry  industry  was 
largely  one  of  maximum  production.  Some  phases  of  the  labor 
problem  were  not  so  pressing  at  that  time,  because  of  the 
patriotism  inspired  by  war  necessities.  Today  the  labor  problem 
stands  in  the  foreground  of  attention.  Increase  of  skill  alone 
can  answer  the  present  demands. 

It  scarcely  can  be  necessary  to  demonstrate  that  lack  of 
skill  is  the  prime  cause  for  inefficiency  in  this  country,  and  in 
fact,  all  countries.  However,  it  may  not  yet  be  realized  that 
lack  of  proper  teaching  is  the  underlying  cause  of  this  lack 
of  skill. 

Efficiency  in  teaching  consists  primarily  of  three  things: 
First,  determining  the  best  way  to  do  work;  second,  conveying 
in  least  time  information  of  how  to  do  work  in  the  one  best 
way;  and  third,  presenting  information  so  that  it  can  be  longest 
remembered. 

The  greatest  obstacle  to  overcome  in  increasing  the  skill 
of  a  group  of  workers  is  that  they  have  been  taught  the  aver- 
age methods  by  the  average  teacher.     We  are  all  ready  to  admit 
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this.  We  are  not  all,  however,  as  ready  to  admit  that  the 
average  teacher  has  had  no  opportunity  to  learn  the  best  method, 
and  is  not  equipped  with  modern  devices  for  conveying  infor- 
mation. The  fault  lies  ultimately  with  the  industry  itself,  in 
not  having  determined,  captured  and  recorded  the  one  best  way, 
or  at  least  the  one  best  way  extant,  and  put  it  at  the  disposal 
of  the  teachers. 

The  first  step  in  this  process  must  consist  of  recording 
the  best  present  practice.  However,  this  is  not  as  simple  a 
process  as  it  seems.  The  records  must  include  many  things. 
Our  researches  have  emphasized  several  laws,  and  an  idea  of 
these  is  essential  if  the  existing  information  on  this  subject 
is  to  be  secured,  and  this  must  be  secured  before  the  one  best 
way  can  be  deduced. 

For  example,  it  is  a  law  in  motion  study  efficiency  that 
no  two  workers  are  found  to  use  precisely  the  same  motions, 
even  in  the  same  kind  of  work.  This  necessitates  observing  and 
recording  the  activities  of  several,  and  oftentimes  of  many 
workers  performing  the  identical  operation.  Observant  em- 
ployes note  this  in  their  own  work. 

Demonstrators  Have  Three  Sets  of  Motions 

It  is  a  law  of  motion  study  efficiency  that  every  demon- 
strator has  been  found  to  have  at  least  three  sets  of  motions 
and  that  he  does  not  and  cannot  use  the  same  motions  when 
he  is  working  with  the  automaticity  of  skill  at  the  usual  speed 
that  he  uses  when  he  demonstrates  his  method  at  the  slower 
"demonstration-speed."  This  necessitates  making  records  of 
usual  and  demonstration  methods,  and  also  at  reduced  and  in- 
creased speeds,  in  order  to  note  and  record  the  variations. 

It  is  a  law  of  motion  study  efficiency  that  the  synthesis  of 
the  best  portions  of  the  methods  of  two  or  more  ,of  the  best 
workers  will  be  found  to  present  a  method  that  is  more  efficient 
than  the  best  method  of  any  one  worker.  In  the  films  shown, 
it  will  be  noted  that  the  methods  of  the  workers  vary  exceed- 
ingly, and  that  some  of  the  so-called  "best  workers"  use  some 
inefficient  methods,  such   as  not  using  the  left   hand   properly. 

It   is   a  law  of   motion  study  efficiency  that   the  worker 
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with  the  best  record  of  output  is  not  always  found  to  be  the 
best  for  demonstrating  personally  the  one  best  way  to  the 
learner.  His  large  output  may  be  the  result  of  his  superior 
strenuosity  and  in  spite  of  a  poor  method.  Furthermore,  knowl- 
edge of  pedagogy  does  not  necessarily  accompany  knowledge  of 
one's  job.  It  is  necessary,  therefore,  to  demonstrate  the  vari- 
ous methods  to  the  best  available  teacher,  and  to  record  his 
methods  of  demongtrating  the  activities  to  a  learner. 

The  best  way  is  determined  by  making  records  of  the  usual 
and  demonstration  methods  of  the  best  workers  available,  by 
analyzing  them,  and  combining  the  best  elements  of  the  meth- 
ods into  the  one  best  method  and  by  having  this  demonstrated 
by  the  best  available  teacher. 

Having  then  secured  this  record,  the  actual  teaching  process 
consists  of  using  the  resulting  film  as  a  teacher,  supplemented 
by  the  usual  available  teaching  methods,  oral,  written,  or  what- 
ever they  may  be.  This  record  of  the  one  best  way  having  once 
been  obtained  is  available  forever.  It  teaches  all  newcomers 
the  best  way  that  has  been.  It  will  present  the  information  in  the 
best  way  that  the  best  teacher  has  ever  presented  it.  This 
in  no  way  resembles  the  so-called  commercial  moving  pictures. 
This  information,  available  forever,  is  also  instantly  available. 
It  can  easily  be  brought  to  the  foremen's  meeting.  It  can  be 
duplicated  easily  and  cheaply  and  put  at  the  disposal  of 
manual  training  schools  and  corporation  schools. 

Compare  this  with  the  way  trades  are  being  taught.  In 
1910  it  was  said  in  Motion  Study,  *The  present  apprenticeship 
system  is  pitiful  and  criminal  from  the  apprentice's  standpoint, 
ridiculous  from  a  modern  system  standpoint,  and  there  Is  no 
word  that  describes  its  wastefulness  from  an  economic  stand- 
point." The  great  Amar  has  said  the  same  obtains  today  in 
his  country.  "Our  present  methods  of  teaching  must  be  over- 
hauled and  research  laboratories  inaugurated." 

Devices  for  Visualizing  Processes 

Ever>'  day  that  passes  serves  to  emphasize  more  strongly 
the  correctness  of  these  methods  which  are  based  upon  teaching 
through  the  eye.    Written  instructions,  charts,  drawings,  lantern 
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slides,  stereographs  and  moving  pictures  serve  as  teaching 
devices  for  visualizing  the  process.  Micromotion  films  have 
proved  iheniselvcs  particularly  adapted  to  an  efficient  learning 
process.  The  activities  to  be  studied  may  be  repeated  at  will 
as  often  as  is  desired,  according  to  the  needs  of  the  learner. 
An  activity  may  be  analyzed  into  its  component  parts,  and 
even  into  the  elements  of  the  motion  by  taking  a  large  number 
of  pictures  per  second  and  thus  slowing  down  the  process 
when  the  iilm  is  exhibited  at  the  usual  rate  of  speed.  Again, 
the  activities  mav  be  analyzed  by  means  of  mechanical  and 
other  drawings  made  especially  to  illustrate  one  point  at  a 
time,  with  all  extraneous  subjects  omitted.  An  activity  may  be 
summarized,  by  taking  the  pictures  at  a  much  slower  rate  of 
speed  than  is  usual,  and  then  exhibiting  them  at  the  usual 
speed. 

Attention  may  be  secured  and  interest  held  by  "exaggera- 
tion" as  to  scale  and  by  means  of  the  surprise  by  sudden 
changes  of  scale  and  also  by  the  use  of  the  "close-up."  Empha- 
sis may  be  secured  by  means  of  moving  cartoons  to  illustrate 
a  particular  point.  The  sequence  of  operations  may  be  made 
impressive  by  running  certain  portions  and  in  certain  cases, 
all  of  the  film,  backward.  Explanations  can  be  included  by 
nieans  oi  captions  inserted  in  the  picture,  which  may  consist 
of  ''reasons"  and  "directions." 

Similarity  to  other  activities  can  be  demonstrated  by 
including  bits  of  film  showing  similar  activities  in  other  lines  of 
work.  'J  hese  are  only  a  few  of  the  benefits  of  the  film  as  a 
teaching  device. 

Motion  Study  of  Corcniaking 

It  may  seem  a  long  cry  to  an  increased  production  of 
cores  from  a  motion  picture  film  of  coremaking,  but  some  day 
it  will  be  realized  that  through  the  discovery  and  adoption  of 
"the  one  b?st  way  to  do  the  work,"  and  through  that  alone  can 
come  the  increased  production,  increased  wages  and  increased 
health  and  haj)pincss  ot  workers  that  are  essential. 

As  for  the  practicability  of  the  method,  in  order  to  co- 
operate in  work  for  the  blinded,  we  have,  during  the  past  year. 
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through  the  co-operation  of  L.  W.  Wallace,  A.  B. 
Segur  and  others  of  the  Red  Cross  Institute  of  the  Blind, 
made  records  of  coremaking.  These  films  show  that  this 
process  applied  to  one  small  division  of  the  work  of  an  industry 
will  standardize  the  activity  involved,  make  possible  its  division 
into  parts  requirii^  different  capabilities,  add  a  new  group  of 
available  workers,  supply  a  new  element  of  interest,  result  in 
increased  production,  make  possible  the  paymeM  of  higher 
wages,  eliminate  unnecessary  fatigue,  exemplify  efficient  motions, 
and  do  away  with  a  prime  cause  of  inefficiency  by  supplying  an 
adequate  means  of  discovering,  standardizing  and  transferring 
skill. 

Expense  is  Not  Prohibitive 

It  has  sometimes  been  thought  that  the  expense  of  this 
method  is  so  great  that  it  could  be  afforded  only  by  groups 
of  employers  or  by  an  association,  but  this  is  not  true.  It  is 
not  expected  that  this  method  is  ever  to  be  carried  so  far  as  to 
approach  a  diminishing  return,  and  when  it  is  realized  that  the 
ditTerence  between  usual  and  customary  output  and  the  outputs 
resulting  from  this  method  of  research  and  teaching  is  usually 
n>ore  than  three  to  one  and  sometimes  five  to  one,  the  impor- 
tance of  recording  the  one  best  method  of  doing  work  and 
teaching  it  can  be  realized. 


Digitized  by  VjOOQ IC 


Comparison  of  Costs  of  Electric  and 
Open-Hearth  Furnace  Practice 

By  E.  H.  Ballard,  West  Lynn,  Mass. 

The  advance  made  during  the  past  few  years  in  prac- 
tically all  branches  of  manufacturing  has  been  reflected,  in  a 
marked  degree,  in  the  steel  casting  industry.  Foundry  engi- 
neers have  demonstrated  by  many  remarkable  examples, 
the  advance  in  the  foundry  art.  Without  question  the  neces- 
sities of  war  have  done  more  to  stimulate  the  steel  casting 
industry  than  any  other   single  cause. 

It  is  a  matter  of  general  information  that  prior  to  the 
war  many  modem  foundries  were  built  with  the  objectionable 
features  of  the  old  time  foundry  removed,  having  in  mind 
only  such  features  as  spell  efficiency  and  lower  the  cost  of 
production.  Electric  steel  melting  furnaces  were  installed  in  a 
number  of  foundries.  The  success  following  their  installa- 
tion is  well  known  to  most  foundrymen.  Without  the  electric 
furnace  it  is  doubtful  if  the  steel  casting  industry  would 
have  been  able  to  contribute  such  a  variety  of  necessary 
articles  needed  in  the  execution  of  the  war,  particularly  gun 
castings,  truck  wheels  and  parts,  ship  castings,  anchor  chains, 
etc.,  all  of  which  presented  many  difficulties  which  were  over- 
come by  the  persistent  efforts  of  the  foundrymen  called  upon 
to  produce  them. 

The  increased  number  of  electric  furnaces  installed 
during  1917  and  1918  and  their  successful  operation  interest- 
ed the  Lynn  works  of  the  General  Electric  Co.  to  the  extent 
of  inducing  the  authorities  in  charge  to  make  a  thorough 
investigation.  It  is  true  that  a  5-ton  electric  furnace  has 
been  operated  successfully  for  some  years  at  the  Schenectady 
plant  and  it  may  appear  strange  that  Lynn  foimdrymen  have 
been  so  backward  in  not  making  this  investigation  earlier. 
The  truth  of  the  matter  is  that  for  26  years  at  the  Lynn 
works  thf   acid  open-hearth   furnaces  have  been  able   to  pro- 
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duce  practically  all  classes  of  castings  required,  varying  from 
1  pound  to  30  tons,  and  meeting  all  specifications  physically 
and  chemically. 

In  order  to  maintain  production  from  the  open-hearth 
furnaces  at  reasonable  cost,  and  to  keep  pace  with  the  labor 
shortage,  many  changes  have  been  made  by  rearranging  the 
entire  open-hearth  department,  installing  traveling  cranes  with 
lifting  magnets,  and  a  mechanically  operated  charging  machine. 

Fuel  oil  economies  have  been  carefully  studied,  so  that 
iinder  favorable  conditions  it  has  been  possible  to  produce 
a  ton  of  steel  with  37  gallons  of  oil  per  net  ton  of  melt. 
These  factors  have  made  it  possible  to  produce  molten  metal 
in   the    ladle   much   cheaper   than   could   be   done   electrically. 

With  radical  changes  in  design  of  much  of  the  product, 
the  engineering  department  began  calling  for  work  difficult, 
if  not  impossible,  to  produce  in  the  open-hearth  furnace,  par- 
ticularly where  a  small  quantity  of  alloy  or  special  carbon 
steel  was  required.  Producing  small  heats  in  a  20-ton  open- 
hearth  furnace  is  not  economical;  neither  is  it  good  business 
to  make  a  full  sized  heat  requiring  special  mixes,  using  only 
a  small  portion  for  the  particular  work  desired,  and  pouring 
the    balance    into    regular    commercial    work. 

From  the  investigation  made  of  the  electric  furnace,  it 
seemed  that  this  process  would  meet  the  particular  require- 
ments. The  latter  part  of  1918  the  installation  of  a  6-ton 
basic  lined  heroult  furnace  was  completed.  Regular  produc- 
tion was  commenced  in  December,  1918,  with  an  entirely  inex- 
perienced organization.  The  furnace  was  operated  for  four 
months,  day  shift  only,  enabling  us  to  secure  actual  cost  data. 

The  open-hearth  department,  having  been  organized  for 
the  past  26  years,  and  made  up  of  many  men  who  had 
been  with  the  foundry  for  practically  the  entire  period,  it  goes 
without  saying  that  to  contrast  the  operating  expense  of  the  old 
organization  of  the  open-hearth  with  the  new  organization  of 
the  electric  furnace,  we  should  not  be  too  severe  in  our  crit- 
icism when  analyzing  operating  costs. 

The    writer    believes,    however,    foundrymen    will    agree. 
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Cost 

Pe-  cent                      Metal  charged                        Price           Per  per  N.T. 

1.00    Pig    Iron     51.00         G.  T.  0.46 

1.00     51.00        G.T.  0.46 

Scrap 

20.13        Foundry    Accumulations    18.00        G.  T.  ( 

1.64        Castings  from  Scrap  Dept 18.00        G.  T.  ^  3.50 

15.63        Scrap   0.06    Unguaranteed 2125        G.T.  2.97 

0.49        Nickel  Turnings    21.50        G.T.  0.09 

58.71        Steel    Turnings    8.50        G.T.  4.45 

0.55        Nickel    Accumulations    21.50        G.T.  0.11 

0.60        Iron    Borings     12.00         G.T.  0.06 

97.75 12J80 11.18 

Special  Metals 

0.54        Ferrosilicon      155.00        G.  T.  0.74 

0.37        Ferromanganese    225.00        G.  T.  0.74 

0.09        Wash    Metal    7120        G.T.  0.06 

0.07        Aluminum    Titanium     166.90        G.T.  0.12 

0.04        Nickel     0.50        Lb.  0.38 

0.06        Copper     20.16         100  lbs.       023 

0.08        Iron    Ore     9.16         G.T.  0.01 

1.25        204.38         G.  T.  228 

100.00    Total    Metal    Charged 15.59        G.T.  13.92 

Molten   Metal  Cost 

Cost     of     Metals 13.92 

Direct    Labor     2.00 

Items  of  Expense — (per  detail  below)  21.58 

10000    Total  Cost  of  Melt 37.50 

8.00    Shrinkage      

92.00    Cost  of   Metal   in   Ladle 40.52 

30.90    Credit— Scrap    Produced    16.16         N.T. 

61. in     tjonrl  Castings  Produced    53.06 

Summary   of   Expense 
Electrodes     (30    lbs.    per    Net    Ton 

Meh)      0.08        Lb.  2.52 

Current      0.0125     KW.  9.05 

Oil-Udle     0.079       Gal  026 

Water     0.24 

Slaggmg     Material — (Lime,     Fluor-, 

spar,    Syndolag,   Carbon,   Coke) ...  1.79 

Furnace  bottom  sand    4.47         N.T.  0.01 

I^dle    Repairs     0.43 

Furnace    Repairs    1.27 

Royalty    (Ave.   per   net   ton   output) 

$0,446     027 

Depreciation   10  per  cent 1.14 

Expense — Labor      1.30 

Expense — All     other     3.30 

Total    Melting   Expense    21.58 

Heats   poured,    131. 

Average    weight    per    heat,    13,918    pounds. 
Metal   melter   per    100   kilowatts,   275   pounds. 
Kilowalt-hours  per  net  ton  melted.  720  kilowatt. 

Seventeen  weeks  actual  operation,  January  to  April,  1919,  inclusive. 
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OPEN-HEARTH    FURNACE 

Cost 

Percent                   Metal  Charged                           Price  Per  per  N.T. 

10.82    Pig     Iron    Delaware 51.00  G.T.  3.45 

Robersonia      50.00  G.T.  1.45 

10.82 50.70  G.  T.  4.90 

Scrap 

40.40        Foundry    Accumulations    18.00  G.T.) 

0.87        Foundry   Scrap   Casting 18.00  G.T.)  8.05 

8.80        Castings    from    Scrap    Dept 18.00  G.T.) 

2.45        Scrap    0.06    Unguaranteed 21.25  G.T.  0.46 

18.08        Scrap    0.04    Guaranteed 24.78  G.T.  4.00 

16.40       Bundled    Sheet    12.05  G.T.  1.77 


87.00 18.37  G.  T.  14.28 

Special    Metals 

0.52       Ferrosilicon     155.00  G.T.  0.68 

129       Ferromanganesc    225.00  G.T.  2.60 

0.01        Wash    Metal    71.20  G.T.  0.01 

0.11        Aluminum    Titanium    166.90  G.T.  0.18 

Silico  Manganese    270.00  G.T.  0.01 

Aluminum      0.175  Lb. 

021        Iron    Ore    9.16  G.T.  0.02 

0.04       Spiegeleisen     60.00  G.T.  0.02 

2.18                                                                     180.91  G.T.  3.52 


100.00    Total    Metal    Charged 25.42        G.T.        22.70 

Molten  Metal  Cost 

Cost    of    Metals     22.70 

Direct   Labor    0.83 

Items  of  expense  (per  Detail  below) 9.95 

inr^oii    To^^l  Co^^t  nf  melt 33.48 

8.00  Shrinkage     

92.00  Cost    of    Metal    in    Udle 36.38 

35.66  Credit— Scrap    Produced 16.05        N.T.        16.05 

V^  U  GooH     Cagting     Produced 49.24 

Summary  of   Expense 

Fuel   Oil— O.   H.   Fur.,   Gallons 0.079  3.65 

Furnace   Bottom    Sand 4.47        N.T.  0.25 

Ladle   Repairs    .  0.22 

Furnace  Repairs  (Actual — Labor  and 

Material)      0.77 

Depreciation    (10   per   cent   on   orig- 
inal  cost)    0.98 

Expense     Labor     1.46 

Expense,    All    Other 2.62 

Total    Melting    Expense 9.95 

Heats  poured.  162. 

Average   weight   per   heat,   37,358  pounds. 
Metal  melted   per   100  gallons   oil,  4500  pounds. 
Fuel  oil  per  net  ton  melted,  44.4. 
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from  the  figures  which  follow,  that  the  costs  of  the  electric 
furnace  are  comparable  when  it  is  considered  that  the  product 
of  the  electric  furnace  is  superior  and  is  fully  meeting  chem- 
ical and  physical  requirements.  It  will  be  noted  that  in  analyz- 
ing costs  the  kilowatt  consumption  per  net  ton  in  the  ladle 
is  720.  This  apparent  high  consumption  is  due  to  the  fact 
that  60  per  cent  of  all  heats  are  double  slagged.  A  very 
conservative  estimate  for  single  slag  heats,  operating  according 
to  our  practice,  is  650  kilowatts.  The  power  charge  of  $1.25 
per  100  kilowatts  is  abnormally  high.  A  material  saving 
in  labor  costs  could  be  eftected  by  employing  a  mechanical 
charging    device    which    would    reduce    the    charging   time. 

During  the  4-month  period,  used  as  a  basis  for  cost  com- 
parison, both  the  electric  and  open-hearth  furnaces  were 
operating  on  short  time,  due  to  lack  of  business.  Also  it 
should  be  remembered  that  we  are  comparing  figures  of  a 
6-ton  basic  electric  furnace  against  a  20-ton  open-hearth 
acid  furnace.  There  are  a  number  of  items  entering  into 
the  cost  of  both  processes  which  would  be  somewhat  modi- 
fied providing  both  were  run  at  full  capacity.  It  is  indeed 
uncertain  and  unreliable  to  make  up  figures  in  any  other  way 
than  on  the  basis  of  actual  running  cost.  The  figures  are 
presented  on  this  basis  in  hopes  they  will  serve  as  a  means 
of  comparison  and  be  of  material  benefit  to  foundrymen. 

In  analyzing  costs,  the  metal  charge  of  $11.18  per  net 
ton  for  the  electric  furnace  should  be  noted.  Substituting 
steel  turnings  at  $8.50,  gross  ton,  in  place  of  0.06  scrap 
which  was  used„  would  reduce  the  metal  charge  by  $1.66  per 
net  ton  of  melt.  This  mixture  is  practical  and  would  have 
been  used  in  our  case  if  turnings  had  been  available  at  the 
time. 

Analyzing  Comparative  Costs 

The  cost  of   special  metals  for  the  electric  furnace  was 

$2.28  per  net  ton.     For  actual  comparison  we  should  eliminate 

•the  charge  for  nickel  and  copper,  replacing  1749  pounds  with 

ordinary  scrap.    This  would  reduce  the  special  metal  charge 

49c  per  net  ton. 

In   analyzing  the   expense   items   of    the   electric    furnace. 


Digitized  by  VjOO^ IC 


Comparison  of  Costs  215 

a  current  charge  of  $1  instead  of  $1.25  per  100  kilowatts 
should  be  assumed.  This  item  would  be  reduced  $1.80  per 
net  ton  of  melt.  The  fuel  oil  charge  for  the  open  hearth  is 
$7.90  per  100  gallons.  A  very  conservative  price  for  oil 
would  be  $5  per  100  gallons.  The  fuel  oil  consumption,  as 
shown  in  cost,  is  44.4  gallons  per  net  ton  of  melt.  This  is 
high  due  to  furnace  operating  on  short  time.  If  we  assume 
a  consumption  of  37  gallons  per  net  ton  of  melt  at  5c  per 
gallon,  according  to  our  practice,  the  fuel  oil  cost  per  net 
ton  of  melt  would  be  reduced  $1.85.  It  should  be  stated  that 
these  figures  are  not  estimates  but  are  actual  tank  measure- 
ments, checked  by  accurate  oil  meters,  and  include  the  heating 
of  ladle,  and  week  end  heating  up  of  furnace. 

With  the  open-hearth  furnace  operating  full  time  a  num- 
ber of  cost  items  would  be  materially  reduced,  as  follows: 

Direct    labor    0.24  per  net  ton 

Expense    labor     0.50  per  net  ton 

General   expense    0.75  per  net  ton 

Depreciation    0.25  per  net  ton 

Repairs    0.24  per  net  ton 

1.98 

Summary  of  Costs 

The  writer  believes  that  foundrymen  will  agree  that  the 
exceptions  above  noted  are  not  in  the  least  exaggerated,  and 
are  shown  for  the  purpose  of  presenting  the  best  comparison 
that  the  figures  will  permit,  assuming  both  furnaces  are  oper- 
ating under  normal  and  reasonably  full  time  conditions.  With 
the  reductions,  as  above  noted,  a  summary  of  costs  is  as 
follows : 

Electric  furnace      Open-H'th  fur. 

Toul    meUl    cost 9.52  net  ton  1428  net  ton 

Special    metals    1.79  net  ton  3.52  net  ton 

Expense   items 21.58  net  ton  6.60  net  too 

Molten  metal  cost  in  ladle 36.57  net  ton  32.55  net  ton 
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We  feel  that  we  were  fortunate  in  having  had  the  oppor- 
tunity of  making  observations  and  comparisons  between  the 
two  processes  covering  a  period  of  seven  months.  We  have 
concluded  that,  for  the  special  requirements  to  be  met,  electric 
furnace  steel  is  superior  to  the  open-hearth  product  from  a 
quality  viewpoint,  and  consider  the  cost  comparable  with  oi>en- 
hearth  costs  and  not  prohibitive. 

Conclusions 

The  following  are  some  of  the  reasons  on  which  the 
conclusions   are   based: 

1.  Freedom  from  serious  checks  in  castings,  due  to 
absence  of  oxides,  and  the  lower  phosphorus  and  sulphur 
content. 

2.  High  temperature  easily  attained,  adapting  it  for  light 
section  casting. 

3.  Carbon  and  alloy  ingots  up  to  13^^  inches  (which 
we  have  produced)  show  marked  superiority  over  ordinary 
open-hearth  product,  due  to  more  complete  deoxidation  of 
the  steel,  producing  a  sounder  ingot  with  less  pipe  and  free- 
dom from  segregation,  with  superior  forging  and  heat-treating 
qualities. 

4.  Possibility  of  taking  small  portions  of  heat,  producing 
different  compositions   from  the  same  heat. 

5.  Permits  of  intermittent  running  with  less  damage  to 
furnace   than    to    the    open    hearth. 

6.  Flexibility  of  working  in  conjunction  with  open 
hearth,  permitting  the  casting  of  pieces  beyond  the  capacity 
of  one   furnace. 

7.  Low  cost  of  furnace  charge,  practice  permitting  a 
charge  of  75  per  cent  steel  turnings  with  25  per  cent  foundry 
scrap,  an  advantageous  low-priced  mixture. 

8.  Low  cost  of  producing  a  high  grade  steel  for  both 
castings    and   ingots. 

9.  Scrap  produced  by  electric  furnace  used  in  open 
hearth  as  0.04  material,  improving  finished  product  of  open 
hearth  at  a  saving  in  price  of  004  material. 
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Mr.  p.  Bendixen. — I  would  like  to  ask  Mr.  Ballard  what 
he  would  substitute  for  turnings  if  turnings  were  not  available? 

Mr.  E.  H.  Ballard. — The  cheapest  boiler  plate  or  foige 
scrap  that  can  be  produced  or  purchased;  what  we  would  call 
0.06  or  unguaranteed  material  in  proper  shape.  But  ordinarily 
our  experience  has  been  that  if  we  hadn't  sold  our  turnings 
way  ahead  of  the  anticipated  requirements  we  would  have  had 
ample.  I  think  the  majority  of  people  balance  those  conditions 
themselves,  and  their  output  would  be  governed  by  the  cheap 
low  priced  scrap  that  they  were  producing  themselves,  but 
0.06  or  the  cheapest  scrap  would  be  substituted. 

Mr.  W.  E.  Moore. — What  Mr.  Ballard  has  said  regarding 
the  suitability  of  electric  steel  for  steel  foundry  use  is  entirely 
true.  His  remarks  would,  I  believe,  have  been  even  more 
favorable  to  the  electric  foundry  steel,  if  he  had  been  running 
an  acid  instead  of  a  basic  electric  furnace.  While  the  basic 
electric  furnace  is  more  simple  to  operate  and  quicker  to  put 
into  production  than  an  open-hearth  furnace,  the  acid  electric 
furnace  is  still  more  simple  to  operate  and  many  foundrymen 
who  have  had  both  basic  and  acid  experience  maintain  that 
acid  electric  steel  makes  sounder  castings,  on  which  there  is 
less  cost  for  cleaning  and  welding. 

In  one  case  under  my  observation  they  had  been  making 
basic  steel,  keeping  four  welders  busy  in  the  cleaning  room, 
and  when  they  changed  to  acid  electric  steel,  one  welder  was 
all  that  was  necessary  to  keep  up  production  on  the  same 
character  and  tonnage  of  castings. 

The  acid  electric  furnace  shows  somewhat  lower  power 
and  electrode  consumption  and  the  refractory  life  is  at  least 
double  as  compared  to  basic  operation.  The  acid  technique 
is  more  simple  and  more  rapid.  With  the  modem  rapid  type 
acid  electric  furnace  under  favorable  conditions,  it  is  possible 
to  get  14  or  more  heats  per  day.     The  heats  come  so  rapidly 
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and  the  furnace  is  so  efficient  that  the  prodilct  is  actually 
cheaper  than  open-hearth  steel  and  very  much  cheaper  than 
converter  steel. 

In  one  case  where  a  rapid  type  electric  foundry  furnace 
of  3  tons  replaced  two  2-ton  converters,  the  cost  of  the  stcd 
at  the  spout  was  reduced  $35  per  ton,  even  though  the  power 
cost  was  approximately  l^c  per  kilowatt-hour;  the  converter 
practice,  too,  had  been  well  standardized  after  several  years  use 
and  the  electric  furnace  was  then  new  and  further  improve- 
ments were  expected. 

Mr.  Ballard. — The  quality  of  steel  which  we  were  called 
upon  to  produce  to  our  mind  called  for  the  lowest  possible 
phosphorus  and  sulphur  "content.  We  naturally  turned  to  Ae 
basic  for  that  reason.  I  am  not  defending  the  basic  process 
over  the  acid;  we  merely  exercised  our  judgment  in  the 
matter  of  furnace  lining,  resuhs  of  which  we  feel  have  justified 
our  action. 

A  Member. — This  matter  of  freedom  from  serious  cracks 
is  rather  interesting  and  I  do  not  suppose  the  checks  arc 
absolutely  absent  in  the  case  of  electric  steel,  but  I  was  won- 
dering about  what  the  reduction  would  be  compared  with  the 
open  hearth. 

Mr.  Ballard. — This  question  was  recently  answered  some 
few  days  ago  by  the  writer,  stating  that  to  my  mind  metal 
plays  a  secondary  part  in  the  question  of  checks,  assuming  that 
the  processes  of  acid  open  hearth,  and  electric  steel  making  arc 
properly  performed.  Generally  speaking  open-hearth  steel  is 
made  under  ordinary  supervising  conditions.  With  the  electric 
furnace  keener  supervision  and  closer  attention  must  be  paid 
to  the  furnace  operation,  resulting  in  a  somewhat  improved 
product.  To  my  mind  the  question  of  <:hecks  is  more  often 
one  of  mold  troubles  rather  than  of  metal.  I  firmly  believe 
that  with  the  same  close  attention  paid  to  operation  of  the 
open  hearth  that  is  now  given  the  electric  furnace,  there  would 
be  little  difference  between  the  product  of  the  two  furnaces. 
Without  question  the  temperature  is  under  better  control  in 
the  electric  than  in  the  open  hearth,  together  with  the  fact  that 
the  steel  is  much  freer  from  oxides. 
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By  John  H.  Hall  and  G.  R.  Hanks 

At  our  High  Bridge  plant  we  have  a  3-ton  heroult  elec- 
tric furnace  and  a  3-ton  bottom-blown  bessemer  converter 
working  side  by  side.  The  electric  furnace  is  operated  on  a 
basic  bottom,  which  enables  us  to  turn  out  steel  very  low 
in   sulphur  and  phosphorus. 

During  the  war  we  had  orders  for  castings  for  the 
army  and  navy,  and  in  order  to  use  our  converter  for  castings 
of  this  class  we  installed  the  Stoughton  oil-burning  process  on 
our  cupolas,  by  which  we  were  enabled  to  turn  out  steel  suf- 
ficiently low  in  sulphur  to  meet  the  government's  specifica- 
tions and  in  many  cases  to  get  sulphur  considerably  below 
0.06  per  cent. 

We  had  always  been  able  to  meet  the  tensile  tests  for 
Qasses  1,  2  and  3  army  and  navy  A,  B,  C  and  D  steel  with 
converter  metal  and  after  we  had  the  oil  on  the  cupolas 
working  successfully  we  undertook  to  turn  out  army  and  navy 
work  with  converter  steel  as  well  as  with  electric  steel. 

We  had  not  gone  very  far  with  the  more  intricate  cast- 
ings before  we  were  faced  with  the  fact  that  the  converter 
steel,  even  when  the  sulphur  was  around  0.05  per  cent, 
was  much  more  subject  to  hot  cracks  and  tear^  than  the  elec- 
tric steel  and  apparently  it  was  not  always  true  that  the  lower 
sulphur  heats  were  any  better  in  this  respect  than  the  high 
sulphur  heats. 

Kept  a  Record 

In  order  to  throw  some  light  on  this  question  we  kept 
very  careful  records  on  one  of  the  cradle-band  castings  for 
240-milHmeter  howitzer.  These  castings  were  of  Qass  3 
steel  but  in  our  practice  we  poured  them  with  steel  running 
from  0.25  to  0.35  per  cent  carbon  and  secured  the  desired 
high    tensile    strength    by    heat    treatment.      The    table    on 
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])age  223  gives  the  analyses  of  a  number  of  converter  and  electric 
heats  from  which  castings  of  this  pattern  were  poured  and 
shows  clearly  the  large  proportion  of  cracked  and  torn  cast- 
ings on  the  converter  steel.  An  examination  of  this  table 
will  show  that  in  the  converter  heats  on  which  no  castings 
were  lost  the  sulphur  was  as  high  or  higher  than  on  the 
heats  on  which  castings  were  rejected  for  hot  cracks.  It 
will  also  be  noted  that  at  least  one  of  the  electric  furnace 
heats  (No.  E491)  is  not  very  low  in  sulphur  and  on  this  heat 
we  lost  no  castings.  In  fact  electric  heat  No.  E491  with 
0.032  per  cent  sulphur  is  directly  comparable  with  converter 
heat  No.  68528  with  0.038  per  cent  sulphur,  on  which  a  cast- 
ing cracked. 

Resorted  to  Stunts 

In  our  efforts  to  overcome  the  hot  tears  in  the  foundry 
we  used  all  of  the  "stunts"  that  could  be  worked  out  with 
any  reasonable  theory  behind  them  and  some  of  them  were 
as  follows:  The  castings  were  made  in  both  green  and  dry 
sand;  they  were  taken  out  of  the  molds  hot;  were  allowed 
to  cool  over  night,  etc.  Some  of  these  same  molds  were 
relieved  to  allow  free  shrinkage  by  destroying  the  sand  grip, 
while  other  molds  merely  had  the  cope  lifted  and  were 
allowed  to  remain  until  they  were  cold.  During  our  experi- 
ments as  above  enumerated  we  determined  that  the  castings 
poured  from  electric  steel  could  be  handled  in  most  any  manner 
that  time  and  equipment  would  allow  and  our  results  produced 
very  few  rejections,  whereas  with  castings  poured  from  con- 
verter steel  we  were  unable  to  produce  any  large  proportion 
of  good  castings  regardless  of  the  manner  in  which  they  were 
cared   for. 

Somewhat  later  we  undertook  the  manufacture  of  rudder 
stocks  and  stern  frames  for  merchant  ships,  and  our  experi- 
ence on  these  castings  was  even  more  illuminating  than  on  the 
smaller  castings  for  ordnance  work.  The  reason  for  this,  of 
course,  was  that  the  castings  were  so  long  as  to  give  a  very 
great  total  shrinkage  amounting  to  5  mches.  Our  first  really 
conclusive     test     on     these     castings     came     when     we     were 
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obliged  to  pour  a  rudder  stock  from  two  heats  of  converter 
steel  which  analyzed  as  follows:  Carbon,  0.29. and  0.31  per 
cent;  silicon,  0.51  per  cent;  manganese,  0.77  and  1.01  per  cent; 
sulphur.  0.066  and  0.057  per  cent;  and  phosphorus,  0.052  and 
0.056  per  cent. 

This  casting  was  scheduled  to  be  poured  from  one  con- 
verter heat  and  one  electric  furnace  heat,  mixed,  but  owing 
to  trouble  with  the  electric  furnace  we  were  obliged  to  pour 
it  entirely  of  converter  steel.  Every  precaution  was  taken  to 
relieve  this  casting  so  that  the  shrinkage  would  not  result  in 
hot  checks,  the  sand  being  dug  out  from  around  the  heads  and 
the  cope  lifted  off  the  casting  about  30  minutes  after  pouring. 
We  were  naturally  somewhat  afraid  that  we  would  have  hot 
checks  in  this  casting,  but  when  the  cope  was  lifted  off  and  we 
found  the  casting  torn  in  three  pieces  our  feelings  may  be  more 
easily  imagined  than  described.  Within  a  few  days  the  same 
casting  was  poured  successfully  of  electric  furnace  steel 
which  analyzed  as  follows:  Carbon,  0.30  per  cent;  silicon, 
0.38  per  cent;  manganese,  0.85  per  cent;  sulphur,  0.021  per 
cent;  and  phosphorus,  0.019  per  cent. 

We  afterward  successfully  poured  these  large  castings 
and  also  large  stern  frames,  sometimes  with  electric  furnace 
steel  alone  and  sometimes  with  electric  steel  and  converter 
steel  mixed.  The  analyses  of  several  heats  on  which  we 
successfully  poured  castings  of  this  class  are  given  below: 

Carbon  Silicon  Mang'se  Sulphur  Phosph'us 

Kind   of    heat                  Per  cent  Per  cent  Per  cent  Per  cent  Per  cent 

Electric    0.26  0.38         0.82  0.02  0.024 

J  Electric    0.37  0.42  0.94  0.019  0.033  ) 

( Converter    0.37  1.10          1.51          0.047  0.045  J 

j  Electric 0.27  0.78         0.94         0.030  0.036 ) 

I  Converter    0.27  0.24          0.67          0.045  0.046  \ 

Examination  of  these  analyses  shows  that  the  average 
sulphur  in  the  two  castings  poured  of  electric  and  converter 
steel  mixed  is  0.033  per  cent  in  one  case  and  0.038  per  cent 
in  another. 

Naturally,  in  the  rush  of  war  work  we  were  too  busy 
to  keep  very  complete  records,  but  our  experience  convinced 
us  that  the  electric  steel   was  superior  to  the  converter  steel 
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from  the  standpoint  of  hot  checks  and  we  had  several  cases 
besides  those  given  above  where  steels  of  practically  identical 
analyses  as  regards  sulphur  ran  true  to  form  in  the  matter 
of  hot  checks,  the  converter  steel  giving  considerably  mor« 
trouble  than  the  electric. 

Experiences  at  Easton 

Our  Easton  shop  at  the  same  time  was  running  a  6-ton 
basic  electric  furnace  side  by  side  with  a  2-ton  converter.  In 
their  electric  furnace  practice  they  did  not  work  for  as  low 
sulphur  as  we  did  at  High  Bridge,  but  after  they  had  been 
running  a  couple  of  months  they  were  convinced  that  the 
electric  steel  castings  were  so  much  more  free  from  hot 
checks  that  there  was  practically  no  comparison  between  the 
two  steels.  They  had  an  experience  on  a  large  stern  frame 
which  was  practically  the  same  as  ours  at  High  Bridge — 
a  converter  steel  casting  cracked  so  badly  in  the  molds  that 
it  could  not  be  used  at  all.  The  same  casting  poured  from 
electric  steel  with  a  little  converter  steel  to  fill  up  the  heads 
came  out  practically  free   from  hot  checks. 

At  Easton  one  of  the  regular  lines  of  manufacture  is 
castings  for  track  work  which  are  poured  from  a  hard  grade 
of  carbon  steel.  These  castings  are  of  intricate  design  and 
the  men  in  charge  of  that  foundry  have  been  making  them 
regularly  for  15  or  20  years.  In  talking  with  them  they 
remarked  that  during  the  15  years  they  had  poured  them  of 
converter  steel  they  had  grown  to  regard  hot  checks  in  these 
castings  as  a  matter  of  course,  but  that  after  a  short  experience 
with  the  electric  furnace  steel  they  were  able  to  turn  out 
these  castings  practically  free  from  checks  with  no  more  care 
in  handling,  and  in  fact,  in  many  cases,  with  less  care  than 
was  used  for  the  converter  steel. 

We  do  not  wish  to  be  understood  as  stating  that  we 
believe  that  sulphur  has  nothing  to  do  with  hot  checks  in 
steel  castings,  but  we  do  feel  that  sulphur  is  by  no  means 
the  only  thing  which  makes  converter  steel  liable  to  these 
defects.  In  fact  our  own  individual  opinion  is  that  although 
sulphur  is  a  contributing  cause  it  does  not  have  as  great  an 
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effect  in  causing  hot  cracks  as  does  the  method  of  manufacture 
of  the  steel. 

Data  on  Electric  and   Converter  Heats 


No.  of 

Heat 

A 

nalysis 

Cast 

Date 

No.    Girbon  Silic'n  Mang 

.   Suip. 

Phos. 

"V^mr   C^r-*^^ 

Remarki 

1 

6/12 

E491      028 

024 

0.47 

0.032 

0.023 

t 

4 

6/13 

E497      0.34 

0.51 

1.40 

0.014 

0.040 

1 

6/15 

E50S      0.35 

0.24 

1.00 

0.017 

0.037 

3 

6/19 

68578  0.30 

. . . 

0.87 

0.047 

0.049 

2  cracked, 

torn 

2 

6/19 

68579  029 

0.47 

1.11 

0.046 

0.050 

1  cracked, 

torn 

2 

6/20 

68592  027 

0.S6 

0.84 

0.065 

0.041 

1  tracked, 

torn 

1 

6/20 

68593  0.30 

... 

1.13 

0.055 

0.043 

1  cracked 

2 

6/21 

68609  026 

... 

0.98 

0.057 

0.049 

1  cracked, 

torn 

1 

6/25 

68657  0.27 

0J8 

1.00 

0.070 

0.045 

2 

6/26 

68675  0.24 

•  •  • 

0.80 

0.064 

0.040 

1  cracked, 

torn 

3 

6/26 

E528      0.27 

0.19 

1.31 

0.016 

0.020 

2 

6/26 

68673  028 

0.56 

1.07 

0.065 

0.043 

1 

6/27 

68691  026 

0.61 

0.94 

0.055 

0.048 

5 

6/28 

E532      OJl 

0.33 

1.00 

0.015 

0.027 

1 

6/28 

E533      0.35 

0.24 

1.00 

0.018 

0.031 

3 

6/29 

E538      0.30 

0.28 

0.93 

0.014 

0.020 

6/14 

68562  0.33 

0.38 

0.94 

0.054 

0.047 

2  cracked. 

torn 

6/14 

68528  0.28 

0.88 

0.038 

0.045 

1  cracked. 

torn 

Discussion — Electric  Versus  Con- 
verter Steel 


Mr.  Maker. — Do  I  understand  that  you  met  the  physical 
and  chemical  requirements  without  any  diflfifculty  but  you  were 
troubled  with  hot  checks? 

Mr,  Haxks. — We  were  able  to  meet  conditions  as  to 
the   checks. 

Col.  a.  E.  White. — I  believe  that  the  cracks  are  due  to 
heat  temf)eratures  of  the  steel  as  much  as  to  molding  condi- 
tions. The  inaccessibility  of  the  converter  makes  it  hard  to 
determine  the  temperature  of  the  steel  before  pouring,  whereas 
with  the  electric  furnate  the  steel  can  be  tested  by  the  film, 
rod    and    spoon   tests. 
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The  Effect  of  Sulphur  on  Steel 
Castings 

By  A.  E.  White,  Ann  Arbor,  Mich. 

It  is  not  the  object  of  this  paper  to  add  any  new  evidence 
to  that  which  already  has  been  presented.  There  has  been 
no  opportunity,  since  the  writer  was  requested  to  prepare  a 
paper  on  this  subject,  to  make  experiments  and  tests.  It  is 
the  object  of  the  paper  to  plead  for  a  thorough  survey  of  the 
items  which  aflfect  the  quaHty  of  steel  castings  and  to  judge 
of  their  acceptability  on  the  basis  of  the  properties  they 
possess  rather  than  to  lay  undue  emphasis  on  one  or  more 
disputed    points. 

Considerable  has  been  written  concerning  the  effect 
of  sulphur  in  steel.  Numerous  writers  have  pointed  out 
that  sulphur  in  percentages  much  above  0.04  or  0.03  gives 
material  showing  undesirable  qualities.  Now  and  then  some 
one  suggests  that  sulphur  in  percentages  greater  than  0.04 
or  0.05,  possibly  as  high  as  twice  the  values  given,  in  no 
way  affects  the  quality  of  the  steel.  Much  that  has  been 
written  is  in  the  way  of  exposition  and  is  not  supported  with 
evidence.  Furthermore,  a  considerable  amount  of  the  evi- 
dence submitted  is  so  beclouded  by  other  factors  that  the 
data  is  valueless.  Practically  all  of  the  literature  discussing; 
sulphur  deals  with  its  influence  in  rolled  or  forged  steel  and 
not  in  cast  steel.  Between  cast  steel  on  the  one  hand  and 
rolled  or  forged  steel  on  the  other,  there  is,  in  the  writer's 
opinion,  a  vast  deal  of  difference.  Therefore  the  observa- 
tions on  the  influence  of  sulphur  in  rolled  or  forged  steel, 
relatively  speaking,  may  have  little  bearing  if  applied  to  cast 
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steel.  •  This,   briefly   stated,    is   the   status   of   the   question    at 
the  present  time. 

Factors  Affecting   Quality   of   Castings 

Broadly  speaking,  there  are  five  main  factors  which 
affect  the  quality  of  steel  castings.  These  are  design  of  cast- 
ings, composition,  molding  practice,  steelmaking  practice  and 
annealing  practice. 

Included  in  the  molding  practice  may  be  listed  the  kind 
of  mold,  whether  of  green  or  dry  sand;  method  of  venting; 
weight  and  location  of  riser;  method  of  gating;  character  of 
cores;  length  of  time  mold  is  kept  around  metal  after  pouring, 
etc. 

In  the  steelmaking  practice  may  be  included  place  of  re- 
carbonization,  whether  in  furnace,  converter  or  ladle;  size  of 
heat;  number  of  castings  to  be  poured  from  a  given  ladle; 
temperature  of   pouring,  etc. 

In  the  annealing  practice  may  be  included  the  evenness 
of  furnace  temperature;  the  temperature  employed;  the  time 
consumed  in  bringing  to  heat;  the  time  at  heat;  the  time 
consumed  in  cooling;  the  type  of  castings  placed  in  a  given 
furnace,  whether  all  light,  all  heavy,  or  mixed;  the  type  of 
furnace  used,  whether  a  furnace  designed  for  heavy  castings 
employed  on  light  ones  or  vice  versa;  character  of  flame, 
whether    oxidizing,    reducing   or   neutral;   etc. 

There  are  times  when  too  little  attention  is  given  to  the 
question  of  design  of  steel  castings.  Many  designs  are 
made  by  men  who  know  too  little  about  the  characteristics  of 
metal  when  it  is  changing  from  a  liquid  to  a  solid.  Much 
improvement  in  the  matter  of  quality  of  finished  castings  could 
be  brought  about  by  closer  co-operation  between  the  designer 
and  foundryraan,  and  it  is  trusted  that  as  time  goes  on,  this 
suggested  closer  co-operation  will  become  more  and  more 
common. 

Purchaser  Depends   Upon   Fottndryman 

In  general,  the  steelmaking  and  molding  practice  is  of 
an  acceptable  character.  In  large  measure,  however,  the 
purchaser  is  in  the  hands  of  the  founder  since  it  is  not  feasi- 
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ble  for  him  to  employ  as  expert  a  steelmaker  or  steel  founder 
as  the  steel-casting  operator  can  afford  to  do,  and  only  by  the 
employment  of  an  abler  steelmaker  or  founder  can  he  expect 
to  properly  pass  upon  these  phases  of  the  process.  Even  if 
he  can  get  a  man  of  suitable  experience,  it  is  questionable 
if  he  should  employ  him,  for  by  so  doing,  a  status  of  divided 
authority  in  the  steel  castings  plant  would  develop,  and  such 
a  condition  would  be  most  unsatisfactory  and  in  fact,  quite 
impossible.  Also,  by  chemical,  physical  and  visual  tests  the 
purchaser  can  gather  sufficient  information  regarding  the 
character  of  the  castings  to  decide  whether  or  not  they  are 
acceptable,  so  that  he  is  not  as  much  at  the  mercy  of  the 
founder  as  might  appear  to  be  the  case  at  first  glance. 

The  writer  believes  much  greater  attention  should  be 
given  to  the  matter  of  annealing  in  the  future  than  has  been 
accorded  it  in  the  past.  As  a  rule,  steel  founders  have  not 
awakened  to  the  latent  possibilities  of  scientifically  controlled 
annealing.  Many  furnaces  bear  indications  that  the  only 
things  thought  of  in  their  design  are  walls,  a  floor,  a  roof, 
and    some    kind    of    ports    for    the    admission    of    heat. 

There  seems  to  be  an  utter  disregard  of  such  questions 
as  fuel  efficiency,  through  proper  combustion  and  control 
of  heat  losses  by  radiation  and  by  the  stack:  character  of 
the  flame,  whether  oxidizing,  reducing  or  neutral ;  scientific 
temperature  control,  for  in  most  furnaces  there  is  as  much  a^ 
200  degrees  Fahr.  difference  in  temperature  in  different  por- 
tions of  t^e  same  furnace;  accurate  temperature  measurements, 
for  such  furnaces  as  have  pyrometers  usually  have  only  one 
aiui  it  is;  neither  frequently  calibrated  nor  does  it  necessarily 
record  tlu'  real  conditions  in  the  furnace  because  of  the 
varjiuff  temperature  distribution  in  the  same;  and  care  in  the 
selection  "*f  only  pieces  of  approximately  the  same  cross  sec- 
tion Un  each  furnace  per  anneal,  for  there  exists  a  more 
Of  le*i^  ii;iphazard  method  of  placing  castings  with  different 
CTQ^^  sections  in  the  same  furnace  with  the  resultant  of  either 
r.i  ..rrir;ifitig  thc  tliitt  ones  or  failing  to  remove  the  dendritic 
urc   in    the    thick    ones. 
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It  was  the  writer's  privilege  in  the  fall  of  1916  and  the 
winter  of  1916-1917  to  visit  nearly  all  of  the  important  steel 
casting  plants  in  the  eastern  half  of  the  United  States.  It 
was  also  his  privilege  to  have  under  his  supervision  the 
inspection  of  all  of  the  steel  casting  plants  producing  ordnance 
material  for  the  United  States  army  from  January,  1918, 
until  he  left  the  service  in  March,  1919.  As  a  result  of  this 
experience,  he  has  come  to  feel  to  a  greater  and  greater 
extent  that  the  acceptance  of  steel  castings  should  be  placed 
on  a  broad  basis  and  that  the  minute  scrutiny  of  castings  for 
a  few  hundredths  of  a  per  cent  of  sulphur  is  both  irrational 
and  imwise. 

To  talk  about  the  effect  of  an  increase  of  0.01  or  0.02 
per  cent  of  sulphur  when  by  improper  annealing,  improper 
steelmaking  or  by  improper  foundry  practice,  properties  many 
times  worse  than  those  produced  by  sulphur  are  acquired  by 
the  steel,  is,  in  the  writer's  judgment,  placing  undue  emphasis 
on  the  wrong  factor. 

Sulphur  in  steel  may  increase  blow  holes — it  is  granted 
that  this  is  a  disputed  point — but  assuming  that  it  does,  it 
will  not  do  so  to  nearly  the  same  extent  as  an  improper  temper 
to  the  mold;  improper  venting  of  the  mold  or  core,  especially 
the  core;  or  an  improper  pouring  temperature.  It  may 
increase  shrinkage,  but  it  will  not  do  it  nearly  as  much  as  an 
improper  casting  design,  an  improper  pouring  temperature,  or 
too  rapid  a  heating  or  cooling  during  the  annealing.  It  may 
decrease  the  metal's  resistance  to  shock  but  not  to  the  degree 
that  a  poorly  designed  casting  will,  or  one  in  which  the 
metal  has  been  overheated,  burned  or  underannealed  with  the 
dendritic   structure   still   in   evidence. 

It  was  because  of  the  feelings  expressed  in  the  preceed- 
ing  paragraph  that  the  writer  championed,  while  connected 
with  the  ordnance  department,  a  more  liberal  specification  as 
applied  to  sulphur,  though  accompanied  at  the  same  time  with 
such  a  method  of  inspection  at  the  casting  plant  consisting  of 
an  examination  of  test  bars,  anneaHng  lugs,  visual  exam- 
ination, etc.,  that  the  real  quality  of  the  castings,  or  as  near 
real  as  could  be  obtained,  might  be  ascertained. 


Digitized  by  VjOO^ IC 


■^ 


Discussion — The   Effect   of   Sulphur 
on  Steel  Castings 

Mr.  McCauley. — About  six  years  ago  when  we  were 
using  coal  as  the  fuel  in  our  furnaces,  we  were  getting  from 
0.042  to  0.07  in  sulphur  and  were  having  checked  castings. 
Wt  went  to  the  use  of  fuel  oil  about  three  years  ago  and 
frequently  have  had  heats  analyzing  as  low  as  0.028  in  phos- 
phorus and  sulphur,  and  we  still  have  checks.  We  have  been 
unable  to  prove  to  our  own  conclusion  definitely  that  the  differ- 
ence in  the  sulphur  makes  any  appreciable  difference  in  the 
amount  of  checks  in  our  castings. 

The  Chairman,  R.  A.  Bull. — I  hope  that  the  converter 
foundrymen  who,  perhaps  especially  during  the  war  have  been 
laboring  under  greater  difficulties  with  respect  to  high  sulphur 
content  are  able  to  submit  more  information  as  to  tests  than 
open-hearth  founders,  so  that  anybody  can  make  his  own 
deductions.  In  our  own  case,  or  in  the  case  of  others  making 
open-hearth  steel,  of  course,  it  isn't  an  extremely  difficult 
matter  to  keep  our  sulphur  down  to  the  limit,  but  I  kno\i' 
from  a  somewhat  limited  experience  in  converter  practice  that 
at  times  the  extreme  shortage  of  suitable  coke  made  a  ver)' 
difficult  problem  for  the  converter  foundries. 

Mr.  E.  F.  Conb. — We  all  know  that  early  in  the  war 
specifications  had  to  be  changed  for  steel  castings  to  meet  all 
the  conditions  and  to  get  out  the  necessary  product.  I  wouW 
like  to  ask  Colonel  White  whether  in  his  experience  he  has 
noted  any  practical  observation  as  to  whether  the  increased 
sulphur  did  any  harm  to  castings  that  were  in  service;  whether 
he  rail  across  any  data  of  that  kind? 

Cot.  A.  E.  White. — The  very  fact  that  the  war  ended 
as  soon  as  it  did  has  resulted  in  our  being  unable  to  obtain  any 
rcaJ  actual  data  with  regard  to  the  increased  amount  of  sulphur 
in  steel  t*:^%tings  that  went  into  ordnance  work.  So  far  as  1 
hrtv<*  hi-ro  able  to  get  information   from  the  records,  the  cast- 
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ings  with  the  higher  sulphur  content  were  giving  as  good 
service  as  the  castings  which  were  held  under  0.04  and  0.05 
per  cent,  which  was  the  case  at  the  very  beginning  of  hostilities. 

Commander  Rhoades.— The  U.  S.  S.  Georgia  had  in  1909 
fourteen  6-inch  gun  mounts  or  stands  that  broke  in  service  and 
that  had  to  be  replaced.  We  microscoped  them  and  looked 
them  over,  analyzed  them,  tested  them,  and  they  all  ran  high 
sulphur,  around  0.06  and  0.07,  but  we  never  broke  any  that 
we  made  with  0.04  on  the  same  job.  They  were  large  cast- 
ings, weighing  about  2000  pounds.  I  would  like  to  ask  Mr. 
White  if  in  his  experience  he  has  observed  that  it  is 
more  difficult  or  less  difficult  to  break  up  the  dendritic  structure 
and  the  bands  and  the  ferrite  in  steel  with  a  large  amount  of 
inclusions  than  one  that  has  very  little.  In  other  words,  we  get 
a  distribution  of  carbon  in  treatment.  We  can  disseminate 
that  carbon  through  the  ferrite  and  get  a  uniform,  nonbanded, 
nonferritic  steel  with  low  sulphur,  easier  than  we  can  get  it 
where  we  have  large  particles  in  the  inclusions.  We  took  a 
forging  from  a  5-inch  gun  at  Bethlehem  in  1914  in  which  the 
bands  were  the  most  remarkable  I  have  ever  seen.  The  streaks 
were  uniformly  white  ferrite  areas  full  of  manganese  sulphite 
inclusions  in  the  center,  and  they  couldn't  treat  that  out.  We 
knew  it  was  sulphur  from  the  color  and  sulphur  prints,  and 
from  a  piece  a  foot  square  we  pulled  15  bars,  none  of  which 
showed  over  3  per  cent  elongation,  although  when  we  got  oflF 
the  streak  we  got  up  to  20  per  cent  elongation. 

Col.  White. — I  trust  none  of*  you  will  misunder- 
stand me  with  regard  to  the  sulphur  content.  I  have  tried 
to  make  myself  perfectly  clear  to  the  extent  of  stating  that 
provided  we  had  high  grade  castings  and  the  castings  were 
uniform  with  regard  to  the  moMing  practice,  annealing  prac- 
tice and  design,  that  a  low  sulphur  casting  would  then  be 
preferable  to  a  higher  sulphur  casting.  The  point  that  I  tried 
to  make,  however,  was  that  in  my  judgment  the  variations  in 
designing  and  in  molding  practice  and  in  annealing  practice 
offset  the  variations  that  might  be  due  to  one  or  two  hun- 
dredths of  a  per  cent  of  sulphur.  These  streaks  that  we  see 
in  steel   caistings   are   termed,   I   presume,   ghost   lines,   and   I 
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presume  it  is  generally  conceded  that  the  ghost  lines  are  due 
to  the  presence  of  phosphorus  and  that  the  phosphorus  present 
in  the  steel  in  the  manner  in  which  it  is,  prevents  the  ferrite 
on  annealing  from  distributing  itself  evenly  throughout  the 
casting,  and  that  once  we  get  that  condition  it  is  very  difficult 
indeed  to  eliminate  it.  In  fact,  I  don't  know  as  any  successful 
treatment  has  ever  been  devised  where  it  can  be  eliminated. 
The  only  method  whereby  I  know  we  can  eliminate  it  is  to 
quench  the  casting,  but  then  if  we  draw  it  back  the  ghost  lines 
return  again.  I  don't  know  as  it  is  usually  felt  that  the  ghost 
lines  and  streaks  are  due  to  sulphur.  It  is  due  to  the  phos- 
phorus content,  and,  of  course,  we  are  not  at  this  present  time 
particularly  concerned  with  the  phosphorus  content,  although 
I  realize  that  the  two  to  a  certain  extent  go  hand  in  hand. 
The  fact  that  there  were  streaks  of  manganese  sulphite  present 
in  the  ghost  lines  means,  of  course,  that  the  metal  was  dirty, 
but  at  the  same  time  I  am  not  ahogether  convinced  that  the 
reason  why  those  castings  failed  was  due  to  high  sulphur. 
The  very  fact  that  the  castings  had  these  ghost  lines  might 
indicate  that  this  condition  was  very  materially  weakened 
through  the  influence  of  the  phosphorus,  and  that  failure  pos- 
sibly might  be  laid  to  phosphorus  as  much  as  to  sulphur. 
Mr.  I^cke. — In  connection  with  the  matter  of  the  effect 
of  sulphur  on  castings  from  the  producing  standpoint,  I  col- 
lected data  on  some  1600  consecutive  heats,  involving  about 
35,000  tons  of  basic  open  hearth,  in  order  to  see  if  there  was 
any  appreciable  effect  of  sulphur  on  the  cracks.  Our  sulphur 
runs  entirely  between  0.020  and  0.030,  and  I  found  that  the 
castings  that  cracked  at  0.030  were  about  three  times  as  many 
as  the  castings  that  cracked  at  0.020,  and  the  curve  is  very 
close  to  a  straight  line.  I  took  a  large  mmiber  of  heats  in 
order  to  avoid  any  local  conditions,  such  as  molding  or  tem- 
peratures of  the  heat,  and  felt  by  doing  so  that  I  eliminated 
those  things.  Now,  when  it  comes  to  phosphorus  I  found 
that  the  curve  was  practically  horizontal.  In  other  words,  I 
could  not  see  that  there  was  any  effect  at  all  which  probably 
could  be  expected,  so  that  as  a  result  I  feel  that  apart  from 
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the  service  of  the  castings  after  they  are  completed,  the 
su^>hur  is  very  injurious  from  the  producing  standpoint. 

Mr.  C.  S.  Koch. — Regarding  the  matter  of  hot  cracks,  I 
believe  that  some  foundrymen  have  more  trouble  the  higher 
the  sulphur,  but  this  is  a  matter  for  each  individual  foundry- 
man  to  determine  for  himself. 

I  think  Professor  White  has  been  rather  modest,  in  omitting 
from  his  paper  much  that  he  learned  from  the  ordnance  depart- 
ment. One  point  which  he  could  have  emphasized  was  that 
very  frequently  a  list  of  30  or  40  heats,  which  had  been  re- 
jected by  the  inspection  division  of  the  ordnance  department, 
by  reason  of  their  failure  on  physical  tests,  was  referred  to 
Washington  for  final  decision.  In  the  course  of  time,  many 
such  lists  were  compared  with  other  similar  lists  from  other 
foundries,  and  in  the  comparison  of  these,  I  do  not  believe 
it  was  very  often  found  that  high  sulphur  was  the  cause  for 
their  failure  on  the  physical  tests.  In  other  words,  there  were 
many  times  when  the  sulphur  and  phosphorus  were  extremely 
low,  and  having  failed  in  the  physical  tests  as  often  as  those 
which  were  high  in  sulphur  and  phosphorus.  After  a  con** 
siderable  number  of  these  batches  of  rejected  heats  had  been 
handled  and  compared,  it  was  interesting  to  see  that  almost 
invariably  the  foundry  was  given  the  opportunity  of  re- 
annealing,  and  in  almost  all  cases  the  second  lot  of  tests  from 
the  same  heats  would  be  returned  as  having  satisfactorily 
passed  the  physical  tests. 

In  fact,  it  is  my  opinion  that  if  all  of  the  cases  of  rejected 
heats  were  compiled,  as  well  as  all  the  data  concerning  re- 
annealing,  etc.,  it  would  have  been  almost  invariably  found 
that  the  cause  of  rejection,  or  failure  to  pass  physical  tests, 
was  due  to  poor  heat  treatment. 

Briefly,  our  whole  trouble  last  year  in  the  ordnance  depart- 
ment was  not  analysis,  not  how  the  steel  was  made,  or  in  what 
kind  of  a  furnace,  but  was  absolutely  and  almost  entirely  a 
matter  of  poor  annealing  equipment  and  poor  annealing 
knowledge. 
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The  Acid  Electric  Furnace   Process 

By  L.  B.  LiNDEMUTH,  New  York 

In  considering  the  electric  furnace  as  a  steelmaking 
instrument,  whether  acid  or  basic,  we  must  always  bear  in 
mind  that  it  offers  the  one  method  of  manufacture  by  which 
we  can  obtain  commercially  either  oxidizing  or  reducing  con- 
ditions, and  are  therefore  able  to  produce  high  quality  steels 
at  prices  which  are  not  prohibitive. 

It  will  be  necessary  in  this  paper  to  assume  that  everyone 
is  familiar  with  the  metallurgy  of  the  basic  process,  and  it 
will,  therefore,  be  mentioned  only  to  point  out  differences  or 
similarities   between   it  and   the   acid  process. 

The  electric  furnace  lined  with  sand,  with  the  steel  covered 
with  silicious  slag,  varies  from  the  basic-lined  furnace  with 
a  basic  slag,  in  that  all  of  the  constituents  of  the  steel,  except 
silicon,  being  in  themselves  basic,  hold  a  different  relation  to 
the  slag  and  lining,  which  are  acid,  than  they  do  in  a  furnace 
where  the  bases  are  always  in  a  very  material  majority.  This 
difference  in  relationship  affects  not  only  the  constituents  of 
the  steel  but  also  influences  the  effect  of .  the  reducing  condi- 
tions which  make  the  electric  furnace  a  superior  steelmaking 
container. 

How  Phosphorus  is  Removed 

In  the  basic  furnace,  phosphorus  is  removed  from  the 
steel  by  producing  an  oxidized  condition.  Slag  containing  the 
phosphorus  is  then  scraped  out  of  the  furnace  and  a  second 
slag  of  a  definite  composition  is  made  up  and  introduced  in 
any  desired  volume.  In  the  acid  process,  however,  the 
removal  of  phosphorus  which  is  itself  an  acid,  is  not  possible 
in  the  presence  of  an  excess  of  silica,  which  is  the  stronger 
acid. 

It  is,  therefore,  unnecessary  in  the  acid  process  to  remove 
the  slag  provided  it  is  possible  to  produce  the  necessary  reduc- 
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ing  conditions  with  the  slag  resulting  from  the  melting-down 
operation.  The  acid  process  is,  therefore,  a  one-slag  process, 
but  it  is  necessary  to  purchase  scrap  with  the  phosphorus 
and  sulphur  content  below  the  maximum  allowed  in  the 
finished  steel,  and  in  most  cases  the  economy  effected  by  a  one- 
slag  operation,  compared  with  the  basic  process,  would  be 
offset  by  the  premium  paid  for  low-phosphorus  scrap.  To 
produce  steel  of  a  uniformly  high  quality  by  the  electric 
process  we  have  only  to  consider  the  production  of  a  uniformly 
deoxidized   silicious   slag. 

Unlike  the  basic  process  from  which  we  can  produce  slag 
of  a  definite  composition  and  a  definite  volume,  the  acid  slag 
varies  considerably,  both  in  analysis  and  quantity.  The  con- 
trolling feature  in  the  operation  of  the  acid  process  seems  to 
be  the  quantity  of  iron-oxide  present  at  the  time  the  heat  is 
melted,  irrespective  of  whether  this  oxide  is  introduced  with 
the  steel  scrap  as  rust,  or  whether  it  results  from  oxidation 
due  to  air  leaks  in  the  furnace,  or  from  the  addition  of  iron 
ore.  The  slag  volume  in  the  acid  process  is  controlled  directly 
by  the  action  of  this  iron  oxide  and  silica. 

Unfortunately,  scrap  in  any  scrap  yard  is  variable  with 
regard  to  rust.  A  small  coating  of  rust  on  light  scrap  such 
as  turnings,  which  is,  in  certain  proportions,  a  desirable  scrap 
for  an  electric  furnace,  represents  a  much  greater  percentage 
of   the  scrap  than  the  same  coating  of  rust  on  heavier  scrap. 

Oxidation  Due  to  Leaks 

The  amount  of  oxidation  due  to  furnace  leaks  is  a 
variable  with  every  heat,  so  that  oxidation  from  this  source 
is  not  necessarily  at  all  consistent.  Scrap  charged  in  the 
evening  and  allowed  to  stand  in  the  furnace  until  morning, 
or  charged  Saturday  night  and  allowed  to  stand  until  Sunday 
or  Monday  will  become  oxidized,  the  amount  of  oxidation 
depending  upon  the  weight  of  the  individual  pieces  of  scrap 
and  the  care  which  was  used  in  sealing  the  furnace  after  it 
was  charged.  It,  therefore,  follows  that  the  amount  of  iron 
oxide  in  a  furnace  during  melting  is  a  variable  which  it  is 
impossible  to  estimate.     With  the  iron  oxide  varying  between 
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heats,  the  slag  volume  will  be  similarly  affected  and  there  is 
no  means  of  determining,  before  the  heat  is  tapped,  what 
percentage  of   slag  volume  there   is. 

The  reducing  conditions  necessary  for  the  production  of 
the  highest  grade  steel  and  for  making  heats  within  the 
specifications  desired  require  a  slag  with  a  definite  composi- 
tion. To  secure  the  proper  slag  without  delaying  operations, 
its  composition  must  be  judged  solely  by  its  appearance,  and 
the  fact  that  this  slag  is  not  obtained  through  reducing  condi- 
tions alone  makes  the  acid  electric  process  one  which  requires 
more  skill  and  judgment  on  the  part  of  the  furnace  man  than 
the  basic  process. 

The  acid  slag  after  melting  and  before  any  additions 
are  made  is  principally  a  complex  silicate  of  iron  and  man- 
ganese, containing  usually  about  50  to  60  per  cent  silica,  the 
remainder  being  principally  oxides  of  iron  and  manganese. 
Practically  all  the  manganese  of  the  charge  with  the  exception 
of  about  10  per  cent  passes  into  the  slag  as  oxide.  The  per- 
centage in  the  slag,  of  course,  will  depend  upon  the  slag 
volume. 

The  oxidation  of  the  bath,  and  of  the  subsequent  addi- 
tions of  manganese,  appears  to  be  controlled  by  the  percentage 
of  FeO  in  the  slag.  Whether  the  excess  FeO  is  combined 
in  some  form  of  silicate,  or  whether  there  is  free  iron  oxide 
I  do  not  know,  but  whatever  form  the  iron  oxide  is  in,  it  acts 
as  an  oxidizing  agent  on  carbon,  silicon  and  manganese. 

Further,  this  iron  oxide  cannot  be  appreciably  or  satis- 
factorily reduced  from  the  slag  by  adding  coal  or  coke  dust  as 
in  the  basic  process  for  two  reasons.  First,  a  silicate  in  which 
the  acid  constituent  is  in  excess  is  more  difficult  to  dissociate 
than  a  silicate  in  which  the  bases  are  in  excess,  as  in  the  basic 
process,  and  further  the  iron  is  more  stable  in  a  silicate  in 
which  the  iron  base  is  the  predominating  base,  as  in  the  acid 
process.  In  the  basic  process,  with  CaO  and  MgO  the  con- 
trolling bases  in  a  basic  silicate,  iron  oxide,  whether  free  or 
combined  with  the  other  bases  as  a  complex  silicate,  is  easily 
reduced  by  coal  or  coke. 
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The  second  reason  why  it  is  impractical,  and  perhaps 
impossible  to  reduce  FeO  from  the  add  slag  by  coal  or  coke 
is  that  at  the  high  temperatures  in  the  vicinity  of  the  arcs, 
SiOj  is  reduced  by  carbon.  This  phenomenon  is  familiar 
in  the  bessemer  process,  where,  when  a  certain  high  tem- 
perature has  been  reached,  silicon  in  the  bath  increases  during 
the  blow. 

In  the  acid  process,  therefore,  if  the  slag  is  subjected 
to  reducing  conditions  before  it  is  of  the  proper  composition, 
silicon  will  be  reduced  and  the  bath  will  contain  a  percentage 
of  silicon  varying  with  the  intensity  of  these  conditions  and 
their  duration. 

As  the  iron  oxide  is  reduced  with  difficulty,  it  must  there- 
fore be  replaced  by  a  stronger  base.  This  is  partially  accom- 
plished by  the  addition  of  lime.  Manganese  ore,  if  free 
from  iron,  should  also  be  used  for  the  same  purpose.  It  is  by 
replacing  iron  in  the  slag  with  calcium  and  manganese  that  it 
is  possible  to  produce  the  necessary  reducing  conditions  and 
secure  uniform  retention  in  the  bath  of  subsequent  manganese 
and  silicon  additions.  Fortunately  a  slag  with  the  proper 
percentage  of  lime  and  manganese  can  be  determined  by  its 
appearance. 

Similar  to  an  Open-Hearth  Slag 

An  oxidizing  acid  slag  such  as  obtained  after  melting 
down  is  black  and  opaque  or  slightly  glassy  similar  in  all 
respects  to  a  common  acid  open-hearth  slag  which  it  really  is, 
chemically  and  physically.  As  soon  as  a  heat  is  melted  and 
the  carbon  is  observed  to  be  sufficiently  low,  lime  should  be 
added  immediately  up  to  20  or  30  per  cent  of  the  slag  volume, 
also  it  is  preferable  to  add  manganese  ore  sufficient  to  give 
10  to  15  per  cent  MnO  in  the  slag.  When  the  slag  contains 
sufficient  lime  for  practical  purposes  it  will  no  longer  be  black 
but  will  turn  to  a  green  or  robin's  egg  blue  and  when  cooled 
in  the  air,  the  surface  will  turn  black  or  brown  depending 
upon  the  proportions  of  iron  and  manganese  oxide,  black  if 
it  contains  too  much  iron  oxide,  and  brown  if  the  iron  oxide 
is  sufficiently  removed.     Coke  dust  or  coal  should  be  used  dur- 
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ing  the  interval  of  adding  lime  and  manganese  ore,  and  until 
the  heat  is  tapped  to  prevent  any  further  oxidation  of  iron. 
If  all  the  constituents  of  the  slag  are  actually  combined  with 
nothing  in  suspension,  and  the  furnace  is  free  from  air  leaks 
and  working  under  a  normal  reducing  atmosphere,  a  trans- 
lucent, almost  transparent,  glassy  slag  of  yellowish  green  or 
greenish  blue  is  obtained.  With  this  transparent  slag  and 
the  greenish  blue  slag  coated  with  a  chocolate  brown,  reducing 
conditions  are  the  best  that  can  be  obtained  by  the  acid 
process.  Subsequent  additions  of  manganese  and  silicon  will 
result  in  uniform  losses  and  therefore  give  uniform  results 
in  the  finished  steel  with  respect  to  these  elements. 

A  typical  analysis  of  a  proper  finishing  slag  is  as  follows: 
SiO.,  58.70  per  cent;  CaO,  21.25  per  cent;  MnO,  12.01  per 
cent;  FeO,  3.10  per  cent;  MgO,  1.15  per  cent;  AI2O3,  3.35 
per  cent;  P,  0.003  per  cent;  and  S,  0.005  per  cent. 

If  the  slag  during  these  operations  shows  a  tendency  to 
be  porous  or  spongy  it  is  still  in  an  oxidizing  condition.  A 
proper  acid  slag  should  be  free  from  sponginess  or  indications 
of  gas  pockets. 

Three  Alternatives 

Three  alternatives  to  the  ordinary  scrap  melting,  one-slag, 
process  can  be  used  to  overcome  the  variables  introduced  by 
rust  or  other   oxidation,   namely: 

1. — Duplexing  from  a  converter,  or  open-hearth   furnace. 

2. — Slagging-off   immediately   after   the   charge   is   wetted. 

3. — Tumbling  the  scrap  before  charging  to   remove  rust. 

The  first  of  these  is  possible  only  in  few  plants.  The 
second,  to  my  mind  represents  the  only  satisfactory  method 
of  operating  the  acid  process  under  the  conditions  found  in  the 
majority  of  electric-furnace  plants.  The  third  is  expensive, 
impractical,  and  does  not  preveijLt  the  variations  due  to  oxi- 
dation in  melting,  but  would  produce  more  uniform  results 
than  the  melting  of  scrap  with  variable  degrees  of  rust. 

It  is  important  that  the  carbon  content  of  the  bath  be  as 
low  as,  or  lower  than  that  desired  for  tapping,  before  an 
effort  is  made  to  reduce  the  iron  oxide  percentage  of  the  slag. 
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Iron  ore  added  after  the  lime  and  manganese  addition,  delays 
the  operations  and  produces  a  slag  which  is  thin  and  scorifying. 
The  yield  of  steel  from  charge  to  ladle  is  higher  in  the 
one-slag  acid  process,  than  in  the  two-slag  basic  process  on 
account  of  the  losses  in  the  latter  due  to  "slagging  off." 
However,  if  the  acid  process  were  carried  out  with  two  slags 
the  losses  would  be  about  equal. 

Open   Questions 

Statements  that  the  acid  process  produces  steel  with 
fewer  slag  inclusions,  and  of  greater  fluidity  for  castings, 
than  the  basic,  are  open  questions.  My  observations  of  inclu- 
sions have  led  me  firmly  to  believe  that  foreign  inclusions 
are  of  far  more  frequent  occurrence  than  any  possible  inclu- 
sions resulting  from  reactions  within  the  steel  made  by  any 
modern  process.  If  inclusions  are  found  where  large  masses 
of  steel  are  not  .involved,  such  elements  as  ladle  linings,  noz- 
zles, washes,  pouring,  and  molding  should  be  thoroughly  inves- 
tigated before  any  connection  can  be  laid  upon  whether  a  proc- 
ess is  acid  or  basic.  From  the  point  of  view  of  inclusions 
resulting  from  a  process,  the  basic  electric  process  gives  condi- 
tions more  favorable  for  their  minimum  than  the  acid  process. 
The  fluidity  of  acid  electric  steel  might  be  greater  on 
account  of  the  almost  invariably  higher  phosphorus.  Unfor- 
tunately this  feature  of  the  acid  process  has  never  been 
determined.  A  simple  set  of  experiments  carefully  carried 
out  could  determine  this,  and  it  is  to  be  hoped  that  in  the 
near  future  this  question  which  is  of  importance  particularly  to 
foundries  casting  small  and  intricate  shapes,  will  be  answered 
by  actual  figures. 

No  difference  has  been  found  in  the  physical  properties 
of  well  made  acid  electric-steel  castings  or  forgings  compared 
to  basic  electric-steel,  and  for  the  purpose  of  castings,  there- 
fore, we  may  consider  the  product  the  same  in  this  respect. 
Briefly,  we  must  consider  the  acid  electric-steel  process 
as  a  slag-making  process.  Oxidizing  conditions  caused  by 
rust  and  by  furnace  operations  influence  the  quantity  of  slag, 
and  this  quantity  is  always  a  variable.     Iron  oxide  in  the  slag 
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must  be  replaced  by  a  stronger  base  to  remove  it,  and  reducing 
conditions  maintained  to  prevent  its  further  formation.  Scrap 
must  be  purchased  and  selected  with  care  in  order  that  phos- 
phorus and  sulphur  will  be  within  specified  limits  in  thfe 
finished  product.  This  is  accomplished  only  at  an  advance 
in  price.  Good  judgment  and  skill  on  the  part  of  the  melter, 
as  well  as  an  ability  for  quick  observation,  will  determine  the 
results  which  will  be  obtained  by  this  process.  Until  the  ad- 
vantages of  more  fluidity  and' greater  freedom  from  inclusions 
attributed  to  acid  steel  can  be  substantiated  by  facts  I  would 
say  that  the  basic  electric-furnace  is  the  superior  steelmaking 
instriunent   of   the   electric   processes. 


Discussion — The  Acid  Electric 
Furnace  Process 


Mr.  Lewis  B.  Lindemuth. — In  discussing  slags  with  a 
certain  degree  of  basicity  or  acidity  the  analysis  of  the  slag 
one  unit  of  FeO  combines  with  one  unit  of  SiOj,  the  percentage 
which  represents  the  percentages  of  elements  or  compound  by 
weights  does  not  represent  the  true  condition  of  the  slag  as  to 
whether  it  is  basic  or  acid.  For  example,  if  we  assume  that 
of  FeO  would  be  54.5  per  cent. 

If  we  then  assume  that  one  unit  of  CaO  com- 
bined with  one  unit  of  SiO,  the  degree  of  basicity 
would  be  the  same  but  the  percentage  of  CaO  would  be  48.2 
per  cent.  For  this  reason  it  follows  that  one  unit  of  CaO 
will  replace  1.28  units  of  FeO.  One  unit  of  MgO  will  replace 
1.9  imits  of  FeO.  MnO  is  so  close  to  FeO  that  they  can  be 
considered  equal. 

In  figuring  on  a  slag  then,  it  is  necessaiy  to  correct  the 

figures  given  in  analyses  to  conform  with  the   replacing  value 

^  the  different  compounds.     This  can  be  readily  illustrated  by 
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two  add  electric  furnace  slags  of  apparently  an  entirely  differ- 
ent nature  from  analysis.     They  are  as  follows: 

Slag  No.  1  Slag  No.  2 

Per  Cent  Per  Cent 

SiO,    53.46  56.60 

CaO    7.60  20.00 

MnO    20.22  9.08 

FeO    11.38  4.44 

MgO    4.86  4.80 

Slag  No.  1  figuring  the  bases  in  terms  of  FeO  equivalent 
represents  49.07  per  cent,  while  slag  No.  2  on  the  same  basis 
represents  49.09  per  cent  FeO  equivalent. 

All  slags  in  the  electric  furnace  will  tend  to  adjust  them- 
selves to  a  certain  degree  of  basicity  regardless  of  whether  the 
bases  are  iron  oxide,  lime,  magnesium  oxide  or  manganese 
oxide,  and  this  degree  of  basicity  will  be,  in  terms  of  iron  oxide 
equivalent,  between  44  and  SO  per  cent. 

If,  in  melting  down,  a  slag  is  high  in  iron  oxide,  as  it 
almost  invariably  is,  it  would  tend  to  pick  up  from  the  bottom 
of  the  furnace  enough  silica  to  bring  its  basicity  within  the 
percentages  that  I  have  mentioned.  If  on  the  other  hand,  there 
are  not  sufficient  basic  oxides  and  the  slag  is  high  in  silica  the 
slag  will  be  thick  and  viscous  and  will  tend  to  relieve  itself 
of  silica  by  having  silica  reduced. and  silicon  passed  into  the 
metal.  As  an  example  of  slag  high  in  bases  in  which  it  tended 
to  automatically  stabilize  itself,  the  following  analysis  repre- 
sents such  a  heat:  Slag  ^o.  1  Slag  No.  2 

Per  Cent  Per  Cent 

SiO.    39.12  55.10 

CaO     6.55  5.27 

MnO    25.35  23.63 

FeO    23.77  11.30 

MgO    22  .23 

The  iron  oxide  equivalent  of  bases  in  slag  No.  1  is  57.77 
and  in  slag  No.  2,  41.98  per  cent. 

On  the  other  hand,  seven  slag  and  metal  tests  taken 
throughout  a  heat  in  which  the  iron  oxide  equivalent  of  the 
bases  vary  between  36  and  38  per  cent,  the  residual  silicon  in 
the  steel  increased  from  0.11  to  0.32  per  cent  without  additions 
of  silicon. 

I  have  stated  in  my  paper  that  iron  oxide  cannot  be  apprecia- 
bly or  satisfactorily  reduced  from  an  acid  slag  and  that  it  must 
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be  replaced  by  a  stronger  base.    To  demonstrate  this  I  will  give 

you  as  an  example  some  tests  taken  throughout  a  heat  after  the 

slag  was   in  workable  shape  and  apparently  had  reached   its 

equilibrium.     1'he    example    is    typical.     These    results     show  • 

how  FeO  in  the  slag  was  reduced  from  10.67  to  4.60  per  cent, 

but  which  was  not  accomplished  without  increasing  basicity. 

No.  1  No.  2  No.  3  No.  4 

Per  Per  Per  Per 

Cent  Cent  Cent  Cent 

SiO,     60.30  58.44  56.60  57.50 

CaO    15.00  18.10  20.00  18.95 

MnO    4.58  6.20  9.08  11.60 

FeO    10.67  9.30  5.77  4.60 

MgO    5.84  4.53  4.80  3.80 

The  iron  oxide  equivalent  of  bases  in  these  slags  are 
44.96,  46.48,  47.28,  and  47.28  per  cent  respectively.  In 
studying  acid  slags  in  which  the  bases  are  corrected  to  the 
equivalent  of  iron  oxide  it  is  noticed  that  after  a  slag  has 
reached  its  equilibrium,  additions  of  lime,  manganese,  ore,  etc., 
will  upset  its  equilibrium  only  for  a  very  short  time  and  that 
throughout  the  heat  after  the  iron  oxide  equivalent  has  been 
established  it  will  remain  practically  the  same. 

One  common  trouble  in  the  acid  furnace  which  upsets 
the  equilibrium  of  the  slag  is  the  sand  from  which  the  furnace 
bottom  is  made.  The  most  general  trouble  appears  to  be  that 
of  having  a  sand  which  is  too  refractory.  Such  a  sand  will 
not  sinter  into  the  bottom  and  when  the  charge  is  melted  will 
float  to  the  top  and  give  an  excess  of  SiOg.  A  good  furnace  bot- 
ton  sand  should  contain  between  96  and  97  per  cent  SiOj.  If 
the  sand  runs  higher  than  this  in  SiOj  it  should  be  mixed  with 
some  lower  grade  sand  so  that  the  mixture  will  contain  between 
96  and  97  per  cent. 

It  would  seem  that  the  glassy,  transparent  slag  is  the  most^ 
desirable  for  in  nearly  all  cases  it  shows  the  lowest  percentage 
of  FeO.  The  blue  and  green  slag  with  the  chocolate  coating 
will  produce  satisfactory  results  and  are  the  easiest  to  obtain. 
No  heat  should  be  tapped,  however,  as  long  as  the  slag  shows 
a  black  coating.  The  reason  why  some  of  these  slags  are  green 
or  blue  or  gray,  I  do  not  know,  but  it  is  probably  from  some 
combination  of  iron,  manganese  and  lime,  or  possibly  alumina 
in  their  various  forms  depending  upon  the  degree  of  oxidation. 
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Comparison  of  Existing  Methods  of 

Measuring  the  Temperature  of 

Molten  Steel 

By   F.   W.   Brooke,   Philadelphia 

A  large  number  of  trials  and  experiments  have  been  car- 
ried out  by  steelmakers  along  with  the  very  commendable  sup- 
port of  the  makers  of  pyrometers  to  try  and  put  the  measure- 
ment of  molten  steel  upon  a  scientific  and  fairly  reliable  basis. 
Most  of  the  practical  investigators  have  known  all  along  that 
the  measurement  of  actual  temperatures  to  any  degree  of  accu- 
racy is  at  present  too  much  to  aim  for,  and  have  contented 
themselves  with  the  effort  of  finding  some  indication  such  as 
a  reading  on  an  instrument  which  tells  them  when  the  steel 
is  at  the  best  temperature  to  produce  either  a  certain  type  of 
casting  or  a  first-class  ingot  with  the  particular  composition  of 
steel  they  are  handling,  and  that  each  time  this  reading  is 
obtained  the  steel  is  at  its  best  pouring  temperature.  In  other 
words  comparative  tests  have  been  their  chief  aim. 

Use  of  Pyrometers 

Of  the  scientific  instrument  methods,  we  may  consider 
thermo-couples,  radiation  pyrometers  and  optical  pyrometers. 
The  thermo-couple  for  temperatures  of  heat-treatment  has 
proved  valuable.  In  the  measurement  of  molten  steel,  however, 
only  the  rare  metal  couples  can  be  considered,  and  even  these 
do  not  withstand  the  very  severe  conditions  of  a  bath  of  molten 
steel.  Protective  tubes,  such  as  quartz  tubes,  have  been  tried, 
but  have  certain  disadvantages.  The  mechanical  strength  of 
a  long  tube  at  the  high  temperature  is  inadequate;  the  chem- 
ical reaction  of  the  slag  in  the  case  of  basic  operation  is  unde- 
sirable ;  and  the  varying  thickness  of  the  coating  of  slag  to  the 
tube  as  it  is  pushed  through  the  slag  causes  a  varying  lag  of 
temperature  from  the  steel  to  the  couple. 
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The  radiation  pyrometers,  of  which  the  Thwing  or  the 
Foster  type  of  fixed  focus  pyrometer  appear  to  be  most 
satisfactory,  require  no  focusing  and  the  method  of  handling 
them  is  simple.  Both  of  these  instruments  also  have  an  attach- 
ment for  taking  care  of  the  change  in  black  body  conditions 
from  true  black  body  conditions  when  steel  is  poured  from  a 
furnace  or  from  a  ladle.  The  accuracies  of  these  attachments 
are  not  so  important,  as  they  are  the  same  for  each  heat  as 
long  as  the  steel  is  in  a  completely  molten  state.  The  first 
obvious  objection  is  that  owing  to  the  slag  covering  in  the 
furnace,   and  the   difficulty   and   objection   of    maintaining  aii 
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uncovered  patch,  the  temperature  cannot  be  read  until  the  steel 
is  being  poured  into  the  ladle.  While  this  only  allows  for 
correction  of  temperature  in  one  direction,  it  still  has  several 
valuable  advantages.  If  the  temperature  of  .the  steel  is  too  low, 
preference  can  be  given  to  the  heavy  castings  of  large  section 
and  the  pouring  operation  carried  out  as  rapidly  as  possible.  If 
the  temperature  is  on  the  high  side,  the  steel  can  be  left  in  the 
ladle  or  preference  given  to  all  the  small  castings  requiring  a 
relatively  higher  temperature,  but  perhaps  the  greatest  value 
i*  u  check  and  guidance  for  the  melter  and  the  foundr}'  super- 
^litemlf^tit    mi   the   now   existing  more   or   less   crude   practical 
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methods  to  be  explained  later.  In  the  open-hearth  furnace, 
when  consecutive  heats  are  being  run  to  the  same  analysis  and 
same  conditidns,  a  certain  difference  of  temperature  between 
the  steel  and  the  slag  may  be  assumed,  but  this  is  not  very 
reliable. 

The  principal  objection,  however,  in  the  use  of  radiation 
pyrometers  is  the  difficulty  of  always  being  able  to  focus 
through  a  clear  atmosphere  and  onto  a  clean  stream  of  steel. 
In  actual  practice,  it  is  found  that  smoky  atmospheres  and 
incandescent  gases  arc  constantly  interfering,  while  in  many 
furnaces  the  slag  comes  out  of  the  teeming  spout  along  with 
the  steel  and  it  is  very  difficult  to  know  which  of  the  readings 
recorded  represent  true  conditions,  or  the  same  conditions  as  on 
the  previous  heat.  There  is  also  a  tendency  on  the  part  of  the 
observer  to  record  the  highest  reading  on  the  instrument  and 
interference  of  a  small  amount  of  incandescent  gas  can  escape 
notice.  The  following  readings  are  typical  of  many  tests  made 
of  a  stream  of  steel  leaving  the  nozzle  of  a  ladle  when  pouring 
castings  of  easy  section  of  about  30  to  100  pounds  in  weight 
and  0.25  to  0.35  per  cent  carbon,  by  the  same  instrument  and 
the  same  observer,  the  resulting  castings  being  of  first  class 
quality. 


Heat  No.  7 

Heat  No. 

23 

[old 

Degrees 

Degrees 

Mold 

Degrees 

Degrees 

Cent. 

Fahr. 

Cent. 

Fahr. 

1 

1510 

2750 

1 

1530 

2790 

2 

1560 

2840 

2 

1540 

2800 

3 

1515 

2760 

3 

1210 

2210 

4 

1740 

3170 

4 

1560 

2840 

5 

1530 

2790 

5 

1490 

2710 

6 

1580 

2870 

It  is  obvious  that  the  readings  on  the  fourth  mold  of  heat 
No.  7  and  the  third  of  heat  No.  23  were  decidedly  off, 
although  every  care  was  taken  on  both  these  heats  to  get 
uniform  conditions  and  the  error  is  undoubtedly  due  to 
incandescent  gases  and  smoky  atmosphere.  Results  both 
better  and  worse  were  obtained,  and  these  are  given  as  typical 
when  every  care  was  taken. 
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Practically  the  same  limitations  are  noticed  with  optical 
pyrometers  as  with  the  fixed  focus  radiation  type,  the  added 
disadvantage  being  that  with  every  type  of  optical  instrument 
there  is  more  of  the  personal  element  brought  in  by  the  match- 
ing of  intensities  or  the  matching  of  colors.  On  the  other 
hand,  they  are  not  so  liable  to  damage  by  the  too  close  prox- 
imity to  the  molten  metal,  as  an  observer  has  less  fear  of 
sticking  a  long  tube  up  to  the  stream  than  of  bringing 
his  face  too  near. 

Of  the  practical  methods  known,  the  film,  rod  and  pour- 
ing tests  are  in  constant  use  at  various  electric  furnace  plants, 
and  they  are  all  depending  upon  uniform  conditions  existing 
when  each  test  is  made.  The  use  of  the  film  test  originated 
from  the  crucible  steel  practice,  it  being  the  best  practice  in 
making  tool  steels  to  first  "close  all  the  melting  shop  doors; 
then  to  pull  the  pots  after  the  required  stewing  and  remove 
the  lid  and  slag;  make  any  additions  and  then  carefully  watch 
the  bright  surface  of  the  steel  for  the  first  sign  of  an  oxide 
film  forming,  this  being  the  sign  to  commence  pouring  opera- 
tions. In  the  absence  of  drafts,  this  served  as  a  fairly  reliable 
temperature  indicator,  as  the  crucibles  and  the  mass  of  steel 
were  usually,  the  same,  while  the  varying  composition  of  the 
steel  could  be  allowed  for  by  pouring  as  soon  as  the  first 
speck  appeared,  or  so  many  seconds  later.  In  electric  fur- 
nace practice,  this  consists  of  using  a  steel  spoon  of  uniform 
capacity,  dried  out  thoroughly  over  the  bath,  and  giving  this 
a  total  covering  of  slag  in  the  furnace.  A  sample  of  steel 
should  then  be  taken,  which  fairly  represents  the  whole  bath, 
remembering  that  when  a  door  has  been  left  open  for  some 
time  the  steel  near  the  door  has  become  chilled,  and  with 
steel  made  in  an  electric  furnace  where  all  the  heat  is  applied 
at  the  top  only,  the  temperature  of  the  steel  directly  under 
the  slag  is  higher  than  the  temperature  of  the  steel  near  the 
bottom.  Where  this  is  the  case,  the  bath  must  be  thoroughly 
rabbled  before  any  sample  is  withdrawn,  and  even  then  the 
sample  should  be  taken  at  a  place  equidistant  between  the 
electrodes  and  half  way  down  the  bath,  so  as  to  arrive  at 
^   average  temperature.     The  measurement  of   the  tempera- 
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ture  is  then  indicated  by  the  length  of  time  it  takes  for  an 
oxide  film  to  completely  cover  the  sample  after  the  sample 
is  taken  from  the  bath.  This  method  is  also  influenced  by 
the  composition  and  i)hysical  condition  of  the  bath,  as  for 
molten  steels  of  the  same  temperature  this  time  varies,  prin- 
cipally with  the  carbon  contents,  the  silicon  contents,  other 
alloy  contents  and  the  state  of  deoxidization.  Therefore, 
final  comparisons  must  only  be  made  between  steels  of  ap- 
proximately the  same  composition  and  when  the  furnace  is 
ready  to  pour.  Care  must  be  taken  to  keep  the  sample  away 
from  drafts  and  to  have  about  the  same  amount  of  steel  in  the 
spoon  each  time.  To  show  the  range  of  this  test  it  has  been 
noted  that  first  class  high-speed  steel  ingots  of  a  composi- 
tion approximating  carbon,  0.65;  tungsten,  17.5;  chromium, 
3.75,  and  vanadium,  1  per  cent,  were  produced  when  the  film 
(with  a  later  characteristic  wrinkling  of  the  surface)  was 
formed  directly  the  sample  spoon  came  through  the  door, 
while  good  castings  of  about  0.25  carbon  and  weighing  from 
30  to  200  pounds  were  produced  when  the  film  took  60 
seconds  to   form  after  passing  the   furnace  door. 

Factors  Affecting  Use  of  Rod  Test 

The  rod  test  has  been  used  for  many  years  as  a  rough 
indication  of  the  temperature  of  many  molten  metals.  The 
first  publication  noted  by  the  author  of  this  test  being  made 
a  standard  practice  under  uniform  conditions  was  from  a  large 
Italian  steel  works.  This  test  requires  the  use  of  rods  of  steel 
of  both  uniform  diameter  and  fairly  uniform  composition, 
and  consist  of  plunging  the  rod  into  the  bath  of  steel  and 
gently  moving  it  through  the  bath  for  a  uniform  length  .of 
time.  If  the  steel  is  cold  there  is  a  deposit  of  the  bath  on 
the  rod,  if  the  steel  is  hot  the  bath  melts  away  or  bites  into 
some  of  the  rod,  with  all  intermediate  conditions  indicating 
varying  temperatures.  The  skin  of  the  bar,  it  will  be  noted, 
has  an  effect  on  this  test;  a  newly  rolled  bar  with  a  bright 
scaly  surface  tends  to  show  a  colder  bath  than  is  actually  the 
case.  The  bar  before  being  plunged  into  the  bath  should  be 
of  .uniform  temperature  and  in  some  steel  works  this  is  taken 
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care  of  by  bending  about  12  inches  or  more  of  the  end  of 
the  bar  at  right  angles;  holding  the  bar  with  the  bend  in  a 
horizontal  plane  over  the  bath  until  it  shows  the  first  sign 
of  sagging  and  then  turning  the  end  of  the  bar  into  the  bath. 
This  test  again  depends  on  the  physical  condition  and  the  com- 
position of  the  bath.  This  test  is  also  very  useful  for  testing 
the  difference  in  temperature  between  the  top  of  the  bath  and 
the  bottom  of  the  bath  and  is  one  of  the  best  indications 
of  the  value  in  electric  furnaces  of  the  bottom  heating  type. 
Several  tests  were  carried  out  on  a  furnace  of  the  Greaves- 
Etchells  type  and  not  a  single  test  showed  any  indication  of 
marked  difference  in  temperature  between  the  top  and  the  bot- 
tom of  the  bath  and  in  every  case  it  was  shown  that  in  a 
furnace  of  this  type  there  is  no  need  for  any  mechanical 
stirring  of  the  bath.  Considering  the  crudeness  of  this  test 
and  the  fact  that  the  rod  had  to  be  passed  through  a  slag, 
the  uniform  effect  of  the  bath  on  the  bars  were  quite  remark- 
able, both  for  baths  that  were  relatively  cold  and  hot. 

Temperature   is   Indicated    by    Fluidity    of   Metal 

The  pouring  test  consists  of  using  a  spherical  spoon  of 
above  S  inches  diameter  and  carefully  slagging  up  this  spoon 
over  the  bath.  Dip  the  spoon  quickly  into  the  metal  so  as  to 
get  a  sample  of  the  steel  from  about  the  center  of  the  bath. 
Withdraw  the  sample  and  carefully  pour  out  the  steel  over  the 
lip  of  the  spoon  at  a  slow  even  rate.  The  temperature  of  the 
steel  is  noted  by  its  fluidity,  and  by  the  amount  of  steel  skull 
that  is  left  on  the  spoon.  This  test  is  the  one  most  com- 
monly used  in  steel  foundries.  It  is  simple  and  the  very 
nature  of  the  test  gives  confidence  to  the  man  who  is  respon- 
sible for  pouring  the  heat.  If  he  sees  every  drop  of  the  steel 
pouring  nicely  over  the  lip  he  feels  that  in  pouring  from  the 
ladle  itself  the  castings  of  small  section  will  fill  up  and  there 
will  be  no  skulls  left  in  the  ladle.  This  test  is  subject  to  the 
spoon  being  properly  slagged  up,  the  rate  of  pouring  the 
sample,  and  absence  of  drafts. 

For  all  these  practical  methods  too  much  emphasis  can- 
not be   placed   upon   the    fact   that   they   are    all    comparative 
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tests  only,  and  that  they  depend  entirely  upon  uniform  con- 
ditions, and  attention  to  details.  In  all  cases  at  least  two  of 
these  methods  should  be  employed.  They  do  not  of  course 
indicate  to  the  melter  the  temperature  of  the  steel  in  degrees, 
Cent,  or  Fahr.,  but  they  do  give  him  a  very  good  indication 
of  the  degrees  of  temperature  that  the  steel  is  either  above 
or  below  the  temperatures  which  will  give  him  the  best 
results  for  the  composition  of  the  steel  he  is  handling,  for 
the  weight  and  for  the  type  of  casting  he  is  making.  In 
making  steel  castings  it  is  important  that  the  foundry  foreman 
or  superintendent  be  present  when  the  final  temperature  tests 
are  being  made.  He  is  in  a  much  better  position  to  know 
how  hot  the  steel  must  be  to  suit  the  castings  on  the  floor. 
To  tell  the  melter  that  the  castings  are  averaging  30  pounds 
and  then  to  leave  the  decision  regarding  the  temperature  up 
to   him,   is   not   suflicient. 

The  question  most  frequently  asked  while  trying  out  the 
above  tests  was:  "How  accurately  can  you  measure  the  tem- 
perature of  the  steel  and  what  temperature  should  the  steel 
be  when  it  leaves  the  furnace  to  give  the  best  results  ?"  The  first 
part  of  the  questions  refers  to  the  use  of  the  pyrometers. 
On  steel  works  where  the  best  conditions  for  the  pyrometer 
can  be  obtained,  there  is  still  the  limitations  of  the  pyrometers 
themselves.  As  already  explained,  only  the  optical  and  tl^e 
radiation  type  offer  a  good  field  for  these  high  temperatures 
and  conditions,  and  there  is  little  doubt  that  an  error  of  plus 
and  minus  50  degrees  Fahr.  in  the  instrument  itself  is  all  that 
we  can  ever  expect.  To  an  investigator  first  starting  in  with 
a  new  instrument  he  has  just  bought,  this  may  not  sound 
very  encouraging  as  he  naturally  feels  that  if  the  steel  proves 
to  be  50  to  100  degrees  Fahr.  less  than  what  he  is  aiming 
for  he  will  spoil  some  of  his  castings.  The  other  limitations 
of  focusing  and  atmosphere  have  already  been  described  and 
values  given. 

Determining   Best    Temperatures 

Probably  the  best  reply  to  the  second  part  of  the  ques- 
tion is  that  the  temperature  in  question  is  that  at  which  the 
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particular  steel  begins  to  solidify,  plus  the  loss  of  temperature 
from  when  the  reading  is  taken  to  when  the  steel  gets  to 
the  farthest  end  of  the  thinnest  section  in  the  casting.  A  fur- 
ther query  to  this  second  part  of  the  question  invariably  was: 
"But  how  are  we  to  know  what  these  two  values  are  ?"  The 
first  value  depends  on  the  composition  of  the  steel,  the  car- 
bon contents  being  the  principal  factor.  This  can  be  obtained 
by  reference  to  a  standard  carbon-iron  curve,  such  as  shown 
in  the  accompanying  illustration.  For  a  steel  containing  0.25 
per  cent  carbon,  trace  the  line  A  B  till  it  intersects  at  C  giving 
a  value  on  this  curve  of  1492  degrees  Cent.  (2720  degrees 
Fahr.)  ;  for  a  steel  containing  0.65  per  cent  carbon,  trace  the 
line  DE  till  it  intersects  at  F,  giving  a  value  1476  d^^rees 
Cent.  (2690  degrees  Fahr.),  and  so  on.  For  other  elements 
in  the  steel  commonly  used  in  castings  the  variation  is  not 
of  importance  and  does  not  compare  with  the  many  other 
sources  of  error  that  crop  up  in  reading  the  temperatures  of 
molten  steel  in  a  foundry.  The  second  value  depends  upon 
such  variables  as  the  heat  of  the  ladle,  the  thickness  of  ladle 
lining,  time  of  reading  to  pouring,  whether  molds  are  of  dry 
or  green  sand,  and  thickness  and  lengths  of  the  thinnest 
sections.  All  of  these  factors  depend  very  much  upon  local 
conditions,  and  it  is  .  regarding  this  problem  that  constant 
consultation  between  the  man  responsible  for  the  steel  in  fur- 
nace and  the  man  responsible  for  making  up  the  molds  is  so 
valuable.  Final  results  are  only  obtained  by  the  constant 
comparison  of  the  quality  of  the  final  castings  with  the  results 
i>btaiiicd  by  ilioir  methods  of  reading  the  temperatures  of  the 
$ted. 
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Mr.  C.  H.  Booth. — I  simply  want  to  comment  on  what 
Mr.  Brooke  calls  the  skin  test.  We  find  that  for  small  castings 
of  thin  section,  timing  the  forming  of  the  skin  on  a  small 
ladlefuU  is  the  most  accurate  method  of  getting  the  proper 
temperatures.  In  the  timing  accurately  of  metal  of  the  same 
analysis,  steel  will  pretty  nearly  produce  practically  the  same 
result  in  casting  if  the  mold  is  correctly  made. 

Mr,  White. — I  would  like  to  pay  a  tribute  to  the  film  tests, 
having  poured  more  than  5000  tons  of  steel  of  the  same  analy- 
sis, that  is,  carbon  between  0.30  and  0.35.  I  believe  carbon  is 
a  governing  factor  to  a  great  extent.  We  have  not  had  more 
than  three  cold  heats  nor  have  we  had  more  than  eight  cracked 
ingots. 

Mr.  L.  R.  Lindemuth — The  greatest  trouble  in  electric 
steel  practice  is  making  the  steel  too  hot.  Most  of  the  tests  that 
are  commonly  used  in  open-hearth  steelworks  indicate  whether 
the  steel  is  hot  enough  but  do  not  indicate  whether  it  is  too  hot. 
In  my  opinion  a  very  satisfactory  test  is  that  where  the  estimate 
is  made  according  to  the  surface  tensipn.  The  hotter  the  steel, 
the  greater  will  be  the  surface  tension.  You  can  tell  the  tem- 
perature by  the  way  the  steel  rises  at  the  edge  of  the  spoon. 
You  also  can  tell  whether  it  is  too  hot.  Its  gieatest  value  is 
that  it  will  not  let  you  pour  the  steel  too  hot. 

Mr.  F.  \V.  Brooke. — The  molders  do  not  like  the  film  test 
quite  so  much,  especially  if  they  are  on  a  production  basis,  be- 
cause it  shows  up  the  condition  of  the  steel  far  better  than  the 
pouring  test.  If  there  is  the  slightest  sign  of  wildness  in  the 
steel,  that  is,  if  the  steel  hasn't  been  dead  killed,  then  it  will 
show  up  in  this  film  test. 

The  temperature  of  the  steel  is  affected  to  a  certain  amount 
by  the  analysis  of  the  steel.  A  low  carbon  has  a  higher  melting 
point  than  a  high  carbon,  although  those  differences  are  not  so 
marked.  The  best  way  to  get  at  it  is  to  refer  to  the  iron- 
carbon  curve,  which  quickly  will  reveal  the  difference. 
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Mr.  Joseph  A.  Steinmetz. — Do  atmospheric  conditions 
have  any  effect  on  the  film  test? 

Mk.  Brooke. — ^Yes.  In  taking  a  film  test  it  is  absolutely 
important  that  there  are  no  drafts  in  the  shop.  If  there  is  a 
good  wind  blowing  through  the  shop  it  is  going  to  spoil  the 
film  test  each  time. 

Mr.  S.  H.  Ourbacher. — ^Which  test  do  you  think  is  best 
under  varying  carbon  conditions  ?  Do  you  think  the  pouring  test 
would  work  better — say  if  the  carbon  varied  quite  a  bit? 

Mr.  Brooke. — In  the  first  place,  I  really  think  that  two 
tests  should  always  be  taken.  Where  there  is  any  doubt 
never  depend  on  one  test  only.  My  experience  in  going  around 
steel  mills  is  that  the  rod  test  is  not  being  used  enough.  The 
large  steelworks  in  Italy  brought  this  rod  test  to  a  very  fine 
degree.  They  decide  on  certain  types  of  steel  and  use  certain 
types  of  rods.  For  instance,  on  high  carbon  tool  steels,  they 
use  a  rod  of  ^-inch  diameter  and  a  certain  composition.  The 
time  element  also  comes  into  that.  The  melter  can  leave  the 
rod  in  the  bath  just  the  exact  number  of  seconds  and  note 
the  effect  of  it. 

Mr.  Brooke. — Can  anyone  explain  the  kick  test? 

Mr.  Thomas. — The  test  I  have  been  accustomed  to  is  to 
move  a  rod  back  and  forth  through  the  metal  until  the  kick 
is  felt.  It  is  then  drawn  out  and  the  melter  determines  by  the 
shape  of  the  point  or  the  cut  whether  or  not  the  steel  is  ready 
to  pour.  The  best  way  to  describe  what  we  considered  a  good 
temperature  was  to  cut  it  off — just  as  if  we  were  cutting  a 
potato  with  a  paring  knife. 

The  Chairman,  R.  A.  Bull. — How  does  the  kick  feel? 

Mr.  Thomas — It  feels  like  a  bass  biting  on  the  line. 

Mr.  Lindemuth. — The  kick  is  only  a  vibration,  not  a  sud- 
den jar,  and  occurs  all  the  time  the  rod  is  in  the  steel.  I  think 
it  represents  the  cutting  action  on  the  rod.  When  a  heat  is 
stirred  with  a  rod,  the  rod  comes  out  with  what  is  called  a 
rat  tail.  You  feel  very  little  kick  when  you  are  stirring,  but  if 
when  you  bring  it  out  it  looks  as  though  somebody  had  bitten 
pieces  out  of  it,  you  will  get  the  kick.  It  is  the  centrated 
ctitting  on  the  rod,  I  think,  that  produces  the  kick  or  vibration. 
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The  Chairman. — The  sudden  shortening  of  the  rod  and 
the  consequent  effect  on  the  balance  of  it  may  have  a  great 
deal  to  do  with  that.    Is  there  a  vibration? 

Mr.  Lindemuth. — O,  yes.  The  temperature  test  is  partly 
the  feeling  of  this  vibration. 

Mr.  Brooke. — Is  it  necessary  to  get  this  kick  or  is  it  really 
just  a  variation  of  the  rod  test? 

Mr.  Lindemuth. — If  there  is  any  difference  in  the  tem- 
perature of  the  steel  and  the  rod  after  the  rod  gets  up  in 
temperature  there  will  not  be  any  kick.  When  the  rod  is 
brought  out — ^and  it  probably  is  only  hot — ^there  are  big  gouges 
chewed  out  of  the  steel,  showing  that  the  rod  never  attained 
the  temperature  of  the  bath. 
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Report  of  Committee  on  Steel 
Foundry  Standards 

Oil  Meter 

The  foundryman  who  has  crude-oil-burning  appHances  in 
his  foundry  has  occasion  to  know  the  actual  oil  consumed  by 
any  one  or  all  of  the  many  types  of  burners  on  the  market. 
Realizing  the  impracticability  of  installing  standard  meters  for 
each  burner,  and  also  that  their  record  is  of  value  for  an  aver- 
age metering  over  a  long  period,  your  committee  beg  to  present 
a  design  of  a  portable,  automatically  controlled  oil  meter.  This 
meter  may  be  made  in  any  desired  size  and  may  be  attached 
to  any  individual  oil  burner  and  should  furnish  a  very  accurate 
record  of  the  quantity  of  oil  consumed. 

The  device  consists  essentially  of  two  vertical  cylinders, 
capped  and  connected  each  with  the  other,  both  top  and  bottom, 
as  indicated  in  the  accompanying  illustration.  The  pipe  diame- 
ter may  be  of  any  dimension  desired.  If  a  pipe  of  a  diameter 
much  larger  than  8  inches  is  used,  a  larger  factor  of  error 
is  introduced;  and  if  a  pipe  of  smaller  diameter  is  used,  the 
size  of  the  meter  becomes  unpractical. 

The  operation  of  the  meter  consists  essentially  of  filling 
one  of  the  cylinders  with  oil  through  the  4-way  valve  to  a 
level  as  indicated  and  at  which  the  float  will  have  actuated 
the  switch  and  through  the  solenoid  shut  off  the  oil  supply. 
It  is  then  necessary  to  measure  in  inches  the  height  of  the  oil 
column  as  indicated  on  the  gage  glass  and  to  compute  the 
volume  of  oil  represented  in  the  pipe  of  chosen  diameter.  The 
cock  in  the  top  connection  is  now  open  and  compressed  air  is 
permitted  to  enter  the  system.  The  pressure  as  indicated  on 
the  gage  will  be  approximately  the  oil  pump  pressure.  The  air 
connection  is  now  closed  and  the  meter  is  ready  for  opera- 
tion.    The  oil  in  the  cylinder,  on  its   source  of  supply  being 
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shut  off,  discharges*  into  the  burner.  Simultaneous  with  this 
discharge,  oil  enters  the  cylinder  which  previously  contained 
compressed  air,  thereby  forcing  the  air  through  the  top  connec- 
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tion  into  the  emptying  cylinder,  the  oil  rising  therein  until  the 
float  actuates  the  switch  shutting  off  the  oil  supply,  throwing 
through  the  solenoid  the  4-way  valve  thereby  permitting  oil  to 
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flow  from  this  cylinder  to  the  burner  and  allowing  oil  to  enter 
the  other  cylinder.  It  will  be  seen  that  with  each  throw  of  the 
4-way  valve  a  definite  quantity  of  oil  enters  the  meter.  By 
attaching  a  recording  counter  to  the  valve  handle  to  record  the 
reversals,  knowing  the  quantity  of  oil  admitted  per  reversal 
and  the  number  thereof,  the  quantity  of  oil  consumed  for  a 
given  period  may  be  easily  computed. 

The  meter  may  be  simplified  by  eliminating  the  electrical 
control.  In  this  case  a  pipe  cap  or  flange  is  used  on  top  in  lieu 
of  the  indicated  casting.  The  operation  is  the  same  except 
that  the  4-way  valve  is  manually  operated  and  oil  is  allowed 
to  enter  the  cylinder  to  a  marked  prescribed  level  as  indicated 
on  each  of  the  gage  glasses. 

Linseed  Oil  Standards 

At  the  present  time  there  are  many  core  oils  on  the  market, 
many  of  which  make  claim  for  properties  equal  and  comparable 
with  the  accepted  basis,  standard  boiled  linseed  oil.  Often- 
times, too,  linseed  oil  is  adulterated  with  foots  and  other  oils. 
In  order  that  all  foundrymen  may  have  available  the  standard 
specifications  for  boiled  linseed  oil  and  other  oils,  your  com- 
mittee have  compiled  this  data  from  various  sources.  The 
method  of  making  the  various  tests — both  chemical  and  physical 
— may  be  made  in  accordance  with  an  oil  chemist's  hand  book. 

Properties  and   Tests 

Raw  linseed  oil   from  North   American   seed   shall  conform  to  the 
following  requirements : 

Maximum        Minimum 
15^5 

Specific  Gravity  at  C 0.936  0.932 

15^5 
or 

Specific  Gravity  at  C 0.931  0.927 

25" 

Acid     Number     6.00  

Saponification    Number    195  189 

Unsaponifiable  matter,  per  cent 1.50  

Refractive    Index   at  25X 1.4805  1.4790 

Iodine    Number     (Hanus) 180 
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Properties  and   Tests 

Boiled  linseed  oil  from  North  American  seed  shall  conform  to  the 
following    requirements : 

Maximum        Minimum 
15*.5 

Specific  Gravity  at  C 0.945  0.937 

15^5 

Acid   Number    8  

Saponification    Number    195  189 

Unsaponifiable    Matter,    per    cent 1.5  

Refractive   Index   at  25**C 1.484  1.479 

^  Iodine   Number    (Hanus) 178 

Ash,  per  cent    0.7  02 

Manganese,    per    cent    0.03 

Calcium,    per    cent 0.3  

Lead,  per  cent    0.1 

Properties  and  Tests 
(China  Wood  Oil) 
Raw  tung  oil  shall  conform  to  the  following  requirements: 

Maximum        Minimum 
15^.5 
Specific  Gravity  at  — '■ —  C 0.943  0.939 

l5^5 

Acid   Number    6  .... 

Saponification   Number    195  190 

Unsaponifiable   Matter,   per   cent 0.75  

Refractive   Index   at   25X 1.520  1.515 

Iodine  Number  (Hubl,  18  hours) 165 

Heating  Test   (Browne's  Method),  minutes  12  

Iodine   Jelly   Test,    minutes 4  

Air  Floated  Pitch   Standards  for  Core  Sand  Binder 
Many   foundrymen  now,  instead  of  using  synthetic  black 
core  compounds,  are  using  air  floated  pitch  without  any  further 
admixture.     Your  committee  begs  to  present  a  standard  for  air 
floated  pitch. 

Fineness. — Not  less  than  70  per  cent  of  any  sample  taken  shall 
pass  through  a  sieve  having  200  meshes  per  square  inch;  not  less  than 
80  per  cent  shall  pass  through  a  150-mesh  sieve;  not  less  than  90  per 
cent  shall  pass  through  a  100-mesh  sieve;  not  more  than  1  per  cent 
shall  fail  to  pass  a  40-mesh  sieve.  All  sieves  used  shall  be  made  in 
accordance  with  the  present  standards,  and  sieving  shall  be  performed 
on  the  material  itself  without  aid  of  appliances  to  increase  fineness. 

Weight. — The  weight  per  cubic  foot  shall  not  exceed  42  pounds. 
This  shall  be  determined  by  permitting  the  pitch  to  fall  as  it  will  into 
a  suitable  receptacle,  without  being  compressed. 

Volatile  Matter. — The  percentage  of  volatile  matter  in  the  pitch 
shall   not   exceed   56  per   cent. 

Bonding  Strength. — The  tensile  strength  of  briquettes  tamped  to 
the  same  density  as  that  found  common  to  ordinary  cores,  dried  for  two 
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hours  in  an  oven  having  a  temperature  of  210  degrees  Cent,  the  area 
of  the  briquettes  being  1  square  inch,  shall  average  not  less  than  200 
Dounds,  with  the  briquette  mixture  consisting  of  400  parts  of  new  dry 
silica  sand;  48  parts  of  fire  clay;  33  parts  of  pulverized  pitch,  and  50 
parts  of  water.  All  ingredients  for  the  briquette  mixture  shall  be 
measured  by  the  volumes  they  occupy  when  tapped  down,  but  not 
compressed. 

Shipment. — ^The  pitch  must  be  received  in  a  perfectly  dry  condition, 
in  tight  jute  bags  securely  bound  with  corrugated  paper  lining. 

W.  A.  Janssen,  Chairman 

A.  H.  Jamieson 

J.  G.  Galvin 

Committee  on  Steel  Foundry  Standards. 


Discussion 

The  Chairman,  Mr.  R.  A.  Bull. — I  notice  that  no  speci- 
fications are  suggested  as  to  temperature  requirements  or 
temperature  tests.  Some  years  ago  I  was  associated  with  a 
company  which  had  a  great  deal  of  trouble  securing  pitch  of 
suitable  quality  in  the  summertime  because  it  caked  in  the 
cars  during  hot  weather.  After  our  experience  with  that  con- 
dition we  drew  up  specifications  of  our  own  for  pitch,  includ- 
ing a  temperature  test.  I  would  like  to  ask  the  chairman  of 
the  committee  what  his  ideas  are  as  to  eliminating  or  including 
any  such  specification. 

Mr.  W.  a.  Janssen. — I  regret  that  that  specification  has 
been  eliminated  from  this  report,  as  it  is  indeed  essential. 
It  is  important  that  some  specification  be  made  for  the  tem- 
perature   of    the    melting    point. 
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Industry 

By  W.   P.  Putnam,  Detroit 

Within  the  past  10  years  manufacturers  of  malleable  iron 
have  awakened  to  a  realization  of  the  necessity  of  applying 
more  scientific  methods  in  the  melting  and  annealing  processes. 
The  gradual  change-over  from  rule-of -thumb  methods  to  exact 
processes  is  not  yet  complete.  There  are  still  a  number  of 
plants  that  adhere  to  the  old  order,  but  the  chemist,  the  metal- 
lurgist and  the  mechanical  engineer  working  in  close  harmony 
with  the  foundryman  have  made  many  advances  in  the  manu- 
facture of  malleable  castings.  It  has  taken  some  hard  knocks 
to  bring  about  these  changes.  The  iiiroads  made  by  the  steel 
casting  industry  into  the  malleable  business  was  the  first  big 
alarm  which  was  sounded  and  it  served  well  to  stir  the  mal- 
leable interests  to  action. 

Chemists  and  metallurgists  have  been  pointing  the  way 
by  systematic  and  painstaking  methods  of  melting  and  anneal- 
ing, the  mechanical  and  combustion  engineers  have  made  many 
improvements  in  heating  devices  both  for  melting  and  annealing 
furnaces,  and  the  foundrymen  have  steadily  improved  their 
equipment  until  noNv  we  have  many  modern  plants  producing 
better  castings  than  ever  before. 

Work    Yet  to   be  Done 

In  spite  of  all  that  has  been  accomplished  there  yet  re- 
mains a  number  of  improvements  that  must  be  generally 
adopted  before  we  can  say  that  we  have  reached  the  highest 
possible  standard  of  excellence. 

It  is  the  aim  of  this  paper  to  point  out  briefly  some  of  the 
improvements  that  still  need  attention. 

First,  Research.  Much  good  has  been  accomplished  by 
the  research  work  individuals  and  groups  of  individuals  have 
been  carrying  out  in  a  more  or  less  spasmodic  manner.     The 
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work  of  the  American  Malleable  Castings  association  has  been 
instrumental  in  making  marked  improvements,  and  yet  it  has 
not  in  the  nature  of  things  been  able  to  meet  all  conditions 
in  such  a  wide  field.  It  is  further  desirable  that  the  results 
of  research  work  be  made  known. to  the  users  as  well  as  the 
makers  of  malleable  castings.  The  work  to  be  done  on  metals 
will  require  our  combined  efforts  for  many  years  to  come 
in  an  endeavor  to  reach  perfect  results.  Some  mooted  ques- 
tions in  the  malleable  iron  industry  can  be  enumerated  a^* 
follows : 

1. — What  are  the  exact  annealing  temperatures  that 
should  be  used  to  produce  consistently  uniform 
results    with    any    given    chemical    composition? 

2. — What  time  intervals  should  be  used  on  all  grades 
of  castings  for  heating  up  to  annealing  temperature? 

3. — What  is  the  proper  time  interval  at  the  proper  an- 
nealing temperature? 

4. — What  time  interval  is  best  under  all  conditions  in 
the    cooling    operation? 

5. — What  are  the  exact  conditions  that  cause  a  pearlitic 
ring    in    annealed    castings? 

6. — What  chemical  compositions  will  produce  the  best 
castings    for    light,    medium   and    heavy   duty? 

7. — What  is  the  best  type  of  furnace  for  melling  to 
produce  the  greatest  strength  and  ductility  in  the 
annealed  casting? 

8. — Is  there  a  combination  of  melting  and  refining 
operations  that  will  give  a  better  product  than  is 
possible   with   a  single   type   furnace? 

9. — What  is  reasonable  to  expect  by  way  of  increasing 
the  desirable  physical  properties  on  malleable 
castings? 

The  foregoing  are  points  in  the  processes  of  malleable  iron 
production  that  have  already  been  given  a  great  deal  of  atten- 
tion and  will  still  require  much  elucidation  before  we  have 
solved  the  difficulties  in  the  process. 

Remarkable  Properties 

As  long  ago  as  1910  the  writer  had  occasion  to  inspect 
a  lot  of  malleable  castings  that  exhibited  remarkable  physical 
properties,  namely,  21  per  cent  elongation  in  2  inches;  reduc- 
tion  in  area    15   per  cent,  and  tensile  strength   53,000  pounds 
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per  square  inch.  Today  it  is  not  an  uncommon  occurrence  to 
find  malleable  castings  with  a  tensile  strength  of  55,(XX) 
pounds  per  square  inch  and  with  an  elongation  in  2  inches  ol 
12  to  20  per  cent.  The  regrettable  feature  is  that  all  of  out 
malleable  castings  do  not  meet  these  specifications.  It  is  the 
responsibility  of  this  association  to  raise  the  standards  until 
everyone  will  be  obliged  to  meet  what  now  seems  unattainable. 

Second,-  Equipment.  For  many  years  there  has  been  a 
crying  need  for  better  equipment  for  the  control  of  annealing 
and  melting  operations.  Most  malleable  manufacturers  prefer 
the  old  air  type  furnace  and  for  many  years  this  type  has 
proved  the  best  in  general  use.  With  the  advent  of  modern 
metallurgy  in  which  the  electric  furnace  has  played  such  an 
important  role,  is  it  not  to  be  expected  that  even  in  the  mal- 
leable iron  industry  this  t)rpe  of  furnace  will  assist  in  the 
production  of  better  quality  castings?  An  interesting  com- 
bination of  the  cupola  for  melting,  the  converter  for  partially 
decarbonizing  and  the  electric  furnace  for  refining  offers  a  most 
attractive  field  for  the  future  development  of  the  industry. 

As  pointed  out  in  previous  paragraphs,  much  needs  to  be 
done  to  accomplish  certain  fixed  points  in  the  annealing  process. 
After  these  points  have  been  carefully  established  by  experi- 
mentation and  careful  study  they  must  be  regularly  carried 
out  in  quantity  production  and  this  can  never  be  accomplished 
until  the  importance  of  close  pyrometric  control  is  recognized 
by  the  managers  of  the  plants  making  malleable  iron. 

Supervision  is  Necessary 

There  are  many  reliable  and  accurate  pyrometric  systems 
on  the  market  today  that  are  capable  of  fulfilling  every 
requirement  if  given  intelligent  supervision  and  the  attention 
necessary  to  produce  uniform  results.  The  trouble  has  been 
and  largely  is  today  a  lack  of  appreciation  on  the  part  of 
foundrymen  as  to  what  can  be  done  with  carefully  watched 
pyrometric  control.  The  pyrometer  as  it  is  today  is  not  foal 
proof.  It  is  valuable  in  the  hands  of  intelligent  supervision 
but  worse  than  useless  if  not  given  proper  care.  The  many 
ills  that  have  been  attributed  to  pyrometers  are  too  numerous 
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to  mention  here.  It  is  hardly  fair  to  expect  pyrometers  K* 
render  accurate  records  of  temperatures  if  mistreated  as  they 
so  frequently  are.  In  the  opinion  of  the  writer,  a  first  requisite 
for  annealing  malleable  iron  is  an  adequate  pyrometric  equip- 
ment under  the  direction  of  an  experienced  metallurgist.  The 
equipment  and  supervision  will  pay  handsome  dividends  in  th.^ 
shape  of  uniform  product,  better  quality  castings  and  satisfied 
customers,  to  say  nothing  of  lifting  the  load  of  uncertainty 
from  the  shoulders  of  the  manufacturer. 

To  accomplish  the  work  outlined  in  these  pages  the  first 
step  would  be  to  establish  a  research  foundry  in  charge  of  an 
experienced  foundryman  and  metallurgist.  This  foundr)* 
should  be  equipped  with  all  of  the  various  types  of  melting 
furnaces  and  provided  with  room  for  the  construction  of 
different  tvpes  of  annealing  ovens.  This  work,  to  be  author- 
itative, should  be  made  the  official  research  department  of 
the  American  Foundrymen's  association  and  would  be  a 
forerunner  for  research  in  the  steel  castini^  and  gray  iron 
industries.  The  results  obtained  should  be  made  available 
by    frequent  publications. 

This  may  sound  visionary  to  some  and  yet  there  could 
be  no  undertaking  that  would  prove  of  more  lasting  benefit 
to  the  foundry  industry  and  the  public  that  uses  our  product 
than  a  well  organized  and  equipped  research  foundry  to  study 
the  great  variety  of  perplexing  problems  that  wait  a  solution 
Indeed  it  seems  almost  imperative  that  such  a  step  be  taken  at 
this  time  if  we  are  to  hold  our  own  in  the  great  onwnrd 
march  of  world  development. 
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Effects  of  Annealing  Gray  and  Malle- 
able Iron  Bars  in  Copper 
Oxide   Packing 

By  H.  E.  DiLLER,  Cleveland 

In  a  research  laboratory  of  one  of  the  large  manufac- 
turing companies  of  the  country  four  men  are  kept  working 
on  purely  scientific  problems  out  of  which  the  company  does 
not  expect  to  get  any  direct  financial  reward.  These  men 
are  not  delving  into  abstract  questions  from  any  philan- 
thropic motive,  but  because  the  company  realizes  that  indi- 
rectly  the    information    acquired    pays    at    a    satisfactory    rate. 

So  the  writer  in  presenting  this  paper  in  which  there 
do  not  appear  to  be  any  facts  which  are  directly  applicable 
to  any  foundry  operation  gives  it  with  the  hope  that  indirectly 
it  may  be  of  interest  and  service. 

Some  years  ago  while  experiments  were  bein^  made  in 
annealing  malleable  iron  an  interesting  phenomenon  was  dis- 
covered. In  order  to  try  the  eflfect  of  a  highly  oxidizing 
packing,  when  used  in  annealing  malleable  iron,  some  bars 
V2  X  \  X  13  inches  long  were  packed  in  black  oxide  of  copper 
and  annealed  in  an  experimental   furnace. 

These  bars  had  the  composition  of  normal  unannealed 
malleable  iron,  with  silicon,  0.80  per  cent;  sulphur,  0.070  per 
cent;  phosphorus,  0.180  per  cent;  manganese.  0.25  per  cent; 
and  carbon,  all  of  which  was  in  the  combined  state,  2.70 
per  cent. 

Copper  Soaked  Through 

The  temperature  of  the  furnace  was  raised  to  1000 
de^ees  Cent,  during  the  anneal.  When  the  bars  were  taken 
from  the  furnace  after  the  anneal,  it  was  found  that  the 
copper  oxide  was  reduced  to  metallic  copper  and  that  it  had 
been  melted.  The  malleable-  iron  bars  had  been  considerably 
oxidized    and    when    sawed    into    pieces    showed    blotches    of 
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Fir..    1— MICROGRAPH   OF   MALLEABLE   IRON    WHICH    CONTAINS   MORt 
THAN  20  PER  CENT  COPPER 


FIG.    2— CROSS  SECTION   OF   A   MALLEABLE   IRON   BAR   ANNEAIJCD   IN 
COPPER   OXIDE    PACKING 
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copper  all  through  them.  Fig.  1  is  a  micrograph  taken  at 
the  center  of  one  of  the  bars.  The  dark  areas  are  copper. 
A  sample  taken  by  scraping  the  copper  off  the  edges  and  then 
drilling  completely  through  the  bar  showed  0.67  per  cent 
total  carbon   and   21.4  per   cent   copper.     A   test   was   pulled 


-ii ^ .  ^     -  .-: ^ s *     %.m ^m        ^^  J 


FIC;.    3--MICnOGRAPH   OF   OUTSIDE   EDGE   OF   BAR   SHOWN   IN   FIG.    2— NOTE 
PEARLITE  IN  THE  CENTER 

and  gave  a  strength  of  68,200  pounds  per  square  inch  and 
an  elongation  of  1  per  cent  in  2  inches.  It  was  thought  that 
the  high  percentage  of  copper  would  materially  increase  the 
conductivity  of  the  metal  but  this  was  proved  to  be  not 
so  by  a  test  which  showed  the  resistivity  was  17,  which 
is  approximately  10  times  that  of  annealed  copper. 
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Some  time  after  this  first  experiment  other  tests  were 
made  of  a  similar  nature.  In  the  second  trial,  however, 
the  test  pieces  were  packed  in  3-inch  pipes  with  black  copper 
oxide  and  the  pipes  were  placed  on  top  of  the  pots  in  a  reg- 
ular annealing  furnace.  The  pyrometer  in  the  furnace  did 
not  ^  register    above   925    degrees    Cent,    but    the    copper    oxide 


Fin.   4- snows  THE   niVUHNC   LINK   BKTWKKN  ./    ANH   /?.    VW.    2 


was  reduced  and  the  copper  fused  together,  although  it  hati 
not  been  completely  melted.  71iis  together  with  the  fact 
that  the  copper  was  completely  melted  in  the  first  experiment. 
when  the  pyrometer  did  not  register  more  than  1040  degrees 
Cent,  at  any  time  during  the  anneal,  would  indicate  that  the 
temperature  generated  by  the  action  of  the  liberated  oxygen 
on  the  iron  and  carbon  had  raised  the  heat  inside  the  tube 
above  that  of  the  surrounding  furnace.  This  seems  ven 
probable    because    the    heat    of    combination    of    copper     and 
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oxygen  is  only  a  fraction  of  the  heat  of  combination  of  either 
carbon   or  iron   with  oxygen. 

In  the  second  experiment  the  bars  were  heated  approxi- 
mately 100  degrees  Cent,  lower  than  the  temperature  reached 
in  the  first  experiment  and  the  results  were  somewhat  differ- 
ent.    When   the  bars   were   cut   cross-wise   at   different   places 


rW.     5 -M1CR0GKA|»H  FROM  CENTEK  OF  BAR.  KKI.  2  NOTE  THE  LARGE  PATCH  OF 

FERRITE 


no  copper  was  noticeable  except  in  the  center  near  the  middle 
of   the  bar,  and  close  to  the  edge  all  over  the  bar. 

Fig.  2  shows  the  cross-section  at  the  middle  of  a  bar. 
Fig.  ^  is  a  micrograph  taken  at  the  outside  edge  of  the  cross- 
section.  The  dark  portion  in  the  upper  part  is  copper.  The 
white  at  the  bottom  is  ferrite  and  the  dark  places  toward  the 
center  are  pearHte.  The  band  of  lighter  material  is  a  hetero- 
geneous mixture  of  cementitc,  pearlite  and  ferrite.     The  struc- 


Digitized  by  VjOO^ IC 


266 


American  Foundrymen's  Association 


mmmm 

iaft     ^ 

•''Cn' 

IH^  c 

w 

mL^^.. ' 

FIG.    6— CROSS-SECTION   OF   A   GRAY   IRON   BAR   ANNEALED  IN   COPPER   OXIDE 
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FIG.   7— THIS  SHOWS  THE  LINE  BETWEEN  A   AND  5.  FIG  G-  DARK  PORTIONS  CONTAIN 
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ture  here  is  more  like  a  complicated  high-carbon  steel  than 
like  malleable  iron. 

The  dividing  line  between  the  areas  A  and  B,  Fig.  2,  is 
shown  in  Fig.  4.  The  white  portion  is  copper  and  the  dark 
particles  are  iron.  It  can  be  seen  from  this  micrograph  how 
thoroughly  the  iron  and  the  copper  are  knitted  together. 
Some  iron  particles  were  distributed  through  the  copper 
just  as  some  of  the  copper  penetrated  into  the  casting. 

The  structure  of  section  B,  Fig.  2,  is  similar  to  that 
usually  found  in  malleable  iron.  No  particles  of  copper  were 
found  in  it.  In  the  area  C  just  inside  of  the  section  B  there 
are  a  large  number  of  small  copper  areas  in  a  matrix  of  high 
carbon  steel.  In  this  area  occasional  patches  of  white 
ferrite  are  found.  One  of  these  patches  of  ferrite  is  shown 
in  Fig.  5  which  also  shows  the  copper  scattered  through  the 
dark  matrix.  As  the  copper  color  does  not  show  in  the  illus- 
trations as  it  did  to  the  eye  under  the  microscope,  so  the 
micrographs  do  not  bring  out  the  copper  as  clearly  as  a  direct 
view  of  the  sample  would  do. 

Gray  Iron   Tried 

The  effect  of  copper  oxide  packing  on  the  malleable 
iron  bars  created  a  desire  to  find  out  what  influence  it  would 
have  on  gray-iron  annealed  in  it.  Therefore  g^ay-iron  bars 
the  same  size  as  the  malleable  bars  which  were  treated  were 
packed  and  annealed  in  the  same  way  as  the  malleable  bars. 

The  results  were  quite  different  in  the  case  of  gray  iron 
than  in  the  case  of  malleable  iron.  This  is  illustrated  in 
Fig.  6  which  shows  a  cross-section  of  one  of  the  bars.  Three 
distinct  areas  can  be  seen.  The  area  A  contains  all  of  the 
copper.  There  is  a  thin  layer  of  copper  on  the  outside  and 
next  to  this  the  copper  is  very  finely  divided  and  is  in  the 
form  of  drop-like  areas  surrounded  by  a  matrix  of  iron. 
This  matrix  has  a  peculiar  structure  and  is  more  like  steel 
than  it  is  like  gray  iron.  The  line  between  A  ancf  B,  Fig. 
6,  is  shown  in  Fig.  7.  The  dark  area  is  the  portion  con- 
taining the  copper.  The  light  portion  in  the  same  figure 
represents  the  structure  of  the  section  marked  B  in  Fig.  6. 
The   same   structure  is   seen   in   the   upper   section   of   Fig.   8, 
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which  is  part  of  the  dividing  line  between  areas  B  and  C. 
This  structure  is  almost  like  the  structure  of  malleable  iron 
in  its  appearance  under  the  microscope,  but  scattered  through 
it   can   occasionally   be    seen    flakes   of    graphite. 

The  center  of  the  bar  C,  Fig.  6,  has  the  structure  ol 
unchanged  gray  iron.  This  is  shown  in  the  lower  section 
of  Fig.  8. 


FIG.    8— STRICTURE    OF    B    AND    C,    FIG.    0.    IS    SHOWN— A'.IK.V    C    HAS    THE 
CHARACTERISTIC   OF  GRAY    IKON 

W.  E.  Ruder  of  the  research  laboratory  of  the  Gener;\\ 
Electric  Co.,  Schenectady,  N.  Y.,  who  made  the  micrographs 
for  this  paper,  said  in  regard  to  the  changed  structure  o\ 
the  gray-iron  bar:  "The  only  explanation  which  I  can  give 
for  the   peculiar   structure   shown   is  that   the   entire    material 
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up  to  the  dividing  line  between  A  and  B,  Fig.  6,  was  in  a 
semimolten  condition,  and  while  in  this  condition  the  copper 
oxide  became  mixed  with  it  and  the  oxygen  was  given  up 
by  the  copper  and  united  with  the  graphite.  The  changing 
of  graphitized  carbon  to  temper  carbon  in  section  B  is  very 
unusual  and  until  this  experiment  I  did  not  think  that  this 
change  could  be  brought  about  short  of  actual   fusion." 


Discussion 


^y  TiiR  Chairman,  Mr.  \\\  R.  Bean. — It  seems  to  me  that 

what    Mr.   Diller  has    found   may   possibly  l)ear   some    relation 
r  to    some   of   the   problems   involved   in   the   hot  galvanizing   of 

A  malleable  castings.  We  have  been  conducting  experiments  for 
a  considerable  period  of  time  on  that  question,  which  is  vital 
to  a  great  many  producers  and  users  of  malleable  iron.  In 
making  very  careful  tests  we  have  been  unable  to  duplicate 
the  change  in  quality  which  results  in  hot  galvanizing  malle- 
able iron  by  quenching,  heating  and  quenching  identical  speci- 
•  mens    for    the    same    temperature.      Thus    it    appears    that    the 

I         change  is  not  one  which  conies  directly  or  is  closely  associated 
I  with  the  actual  quenching  of  the  part,  but  that  there  is  some 

I  action   of  the  zinc  on  the  metal  itself,  whether  in  penetration 

r  or  in  what  way  it  may  be.     I  do  not  know  that  it  is  ao;  we 

r*'  have  not  been  able  to  prove  it  one  way  or  the  other. 
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The  Application  of  Powdered  Coal  to 
Malleable  Annealing  Furnaces 

By   Charles   Longenecker,   Pittsburgh. 

The  conservation  of  fuel  is  one  of  the  most  timely  sub- 
jects confronting  our  manufacturers  today.  Its  significance 
is  just  beginning  to  be  appreciated.  It  is  a  national  problem 
and  it  is  therefore  incumbent  upon  all  of  us  to  further  the 
more  economical  disposition  of  our  fuels.  While  the  under- 
lying motive  is  the  preservation  of  our  resources,  fuel  con- 
servation will  at  the  same  time  promote  the  personal  in- 
terests of  every  manufacturer.  It  is  apparent  that  any  re- 
duction in  our  fuel  expenditure  has  a  direct  bearing  on  the 
cost  sheet. 

In  the  malleable  iron  foundry  there  are  two  processes 
which  require  for  their  fulfillment  the  generation  of  a  large 
quantity  of  heat.  These  are  the  melting  of  the  pig  iron 
and  scrap  and  the  annealing  of  the  castings.  The  furnace 
efficiency  in  both  cases  is  low,  and  there  is  thus  aflforded  an 
opportunity  to  effect  a  very  considerable  reduction  in  the 
fuel  consumption.  This  has  been  accomplished  in  annealing 
furnaces  using  powdered  coal  as  fuel.  It  is  the  object  of 
this  paper  to  present  some  facts  dealing  with  this  subject. 

Early  Installations 

There  are  today  some  15  to  20  malleable  foundries  burn- 
ing powdered  coal  in  annealing  furnaces  with  satisfactory 
results. 

This  fuel  was  first  applied  at  the  plant  of  the  Erie  Mal- 
leable Co.,  Erie,  Pa.  The  credit  for  the  success  of  this  in- 
stallation belongs  to  B.  J.  Walker,  who  in  1896  operated 
annealing  furnaces  in  which  the  source  of  heat  was  powdered 
coal.  Other  companies  who  appreciated  the  worth  of  this 
fuel  and  whose  installations  closely  followed  that  of  the 
Erie  Malleable  Co.  were  the  International  Harvester  Co. 
and  the  Symington  company.    A  recent  installation  which  i» 
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FIG.   1— LONGITUDINAL  SECTION  ON  A -A,  FIG.    2,   THROUGH  ANNEALING  FURNACE 

is  the  intention  of  this  paper  to  describe,  is  that  at  the 
Pressed  Steel  Car  Co.,  formerly  the  Pennsylvania  Malleable 
Co. 

This  company  made  its  initial  application  of  powdered 
coal  to  annealing  furnaces  in  the  fall  of  1917,  and  since  then 
these  furnaces  have  been  in  continuous  operation.  In  this 
plant  the  furnace  is  practically  all  below  floor  level  with  the 
roof  formed  by  bungs. 

There  are  10  large  and  18  small  furnaces,  some  of 
which  are  used  for  annealing  steel  castings.  The  larger 
ones  have  a  capacity  of  50  tons,  while  the  smaller  hold  25 
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FIG.    2— TRANSVERSK    SECTION    THUOl  (ill    ANNEALING    FURNACE 
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tons.     Fig.  1  shows  a  longitudinal  cross  section  of  the  large 
furnace  and  Fig.  2  a  transverse  section. 

As  is  well  known,  the  requisites  in  an^  annealing  furnace 
from  a  thermal  standpoint  are  a  uniform  temperature  (and 
consequently  heat)  throughout  the  heating  chamber  and  the 
maintenance  of  a  constant  degree  of  heat  for  the  proper 
length  of  time.  To  secure  these  conditions,  it  was  necessary 
to  install  four  burners  in  each  furnace  and  maintain  a  steady 
flow  of  coal  to  these  burners.  The  following  table  shows  a 
typical  run  and  illustrates  how  well  the  conditions  demanded 
have  been  met: 
July 


10 

Noon 

,  furnj 

ace  ligli 

ited.* 

11 

1600° 

(6  A. 

M.) 

1640° 

(Noon) 

1630° 

(6  P. 

M.) 

11-12 

1620° 

(9  P. 

M.) 

1620° 

(Midn't) 

1640° 

(3  A. 

M.) 

12 

1640° 

(6  A. 

M.) 

1620° 

(Noon) 

1620° 

(6  P. 

M.) 

12-13 

1640° 

(9  P. 

M.) 

1600° 

(Midn't) 

1610^ 

(3  A. 

M.) 

13 

1620° 

(6  A. 

M.) 

1640° 

(Noon) 

1600° 

(6  P. 

M.) 

13-14 

1640° 

(9  P. 

M.) 

1620° 

(Midn't) 

1630° 

(3  A. 

M.) 

14 

1640° 

(6  A. 

M.) 

1620° 

(Noon) 

1620° 

(6  P. 

M.) 

14-15 

1640° 

(9  P. 

M.) 

1630° 

(Midn't) 

1600° 

(3  A. 

M.) 

15 

1620° 

(6  \. 

M.) 

1620° 

(Noon) 

1640° 

(6  P. 

M.) 

15-16 
16 

1620° 
1620° 

(9  P. 
(6.  A 

M.) 
.  M.) 

1610° 

(Midn't) 

1640° 

(3  A. 

M.) 

From  the  foregoing  we  obtain  the  following  summary : 

Furnace  lighted,  July  10,  noon. 

Time   to  bring  furnace   to    temperature    1600   degrees,    18   hours. 

Furnace   held  at  temperature,   1600  degrees,   120   hours. 

Firing  discontinued,  6  a.  m.,  July   16. 

Bimgs   (roof)   removed,  6  a.  m.,   July   IS. 

The  castings  were  then  removed  as  soon  as  they  were  cool 
enough  to  handle. 

A  pyrometer  is  in.serted  in  each  end  of  each  furnace. 
Each  one  is  connected  to  a  central  recording  instrument. 
It  is  the  duty  of  the  furnace  attendant  to  read  the  tempera- 
ture of  each  furnace  at  frequent  intervals  on  this  instrument, 
so  that  there  is  little  chance  for  any  wide  fluctuation  in 
temperature.     One  attendant  supervises  all  the  furnaces. 

Time  Saved  by  Powdered  Fuel 

With  powdered  coal  it  requires  from  14  to  18  hours  to 
bring  the  furnace  to  16(X)  degrees,  with  fuel  oil  the  time   is 
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22  to  24  hours,  and  with  natural  gas  about  26  hours.  From 
the  foregoing  it  seems  apparent  that  powdered  coal  gives 
results  which  are  thermally  satisfactory. 

There  is  an  accumulation  of  fine  ash  which  must  be  re- 
moved from  these  furnaces  at  intervals.  The  length  of  these 
intervals  will  depend  on  the  percentage  of  ash  in  the  coal. 
When  the  coal  has  a  low  ash  content  the  accumulation  is 
removed  once  a  month.  In  the  standard  type  of  furnace, 
where  the  heating  chamber  floor  level  is  at  general  floor 
level,  the  disposal  of  the  ash  is  of  small  moment,  due  to 
greater  accessibility  of  both  heating  chamber  and  flues. 

As  is  well  known,  in  annealing  malleable  castings  a 
fluctuating  temperature  tfiust  be  avoided  and  at  no  time  is 
it  permissible  to  allow  the  temperature  to  fall  below  the 
critical  range.  To  secure  this  control  of  the  heat  requires 
close  regulation  of  both  the  fuel  and  the  air  to  burn  it.  No 
trouble  has  been  encountered  in  holding  these  condition? 
constant. 

A  comparative  record  of  costs  for  three  fuels  is  as 
follows : 

Natural  gas,  14,000,000  cu.  ft.,  at  35c  per  1000.  .$4900.00 

Fuel  oil,  105,000  gals,  at  8c $8400.00 

Powdered  coal,  525  tons  at  $5.00  per  ton $2625.00 

The  figure  $5.00  given  as  the  cost  of  powdered  coal  in- 
cludes besides  the  coal  all  labor,  power,  etc.  These  costs  are 
taken  from  actual  practice  and  cover  three  separate  months 
during  each  of  which  one  of  these  fuels  was  burned. 

In  another  malleable  iron  foundry  where  powdered  coal 
is  now  burned  in  the  annealing  furnaces,  a  saving  of  48 
per  cent  has  been  effected  in  the  quantity  of  fuel  consumed. 
In  this  case  the  amount  of  powdered  coal  burned  per  ton  of 
output  is  450  pounds.  The  time  to  bring  the  furnace  to 
temperature  has  been  reduced  from  24  to  36  hours  required 
for  hand  firing,  to  11  to  14  hours.  When  hand  fired,  there 
was  always  a  diflPerencc  in  temperature  in  these  furnaces  ni 
from  200  to  300  degrees  between  the  front  and  rear.  Today, 
when  fired  with  powdered  coal,  this  temperature  is  uniform. 
This  is  accounted  for  by  the  fact  that  the  pressure  in  the 
furnace  is  equalized  as  it  is  impossible  to  obtain  a  uniform 
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temperature  throughout  the  chamber  unless  the  furnace  is 
under  a  slight  pressure.  With  stack  draft  and  hand  firing 
it  is  exceedingly  difficult  to  avoid  pulling  in  some  cold  air, 
^specially  at  the  door.  This  makes  a  cold  streak  and 
laturally  it  is  impossible  to  secure  a  uniform  temperature 
tndei:  such  conditions. 

Statement  of  Advantages 

The  advantages  of  powdered  coal  for  annealing  may  be 
ummarized  as  follows: 

First. — A  reduction  in  fuel  cost  is  obtained  in  comparison 
vith  other  fuels. 

Second. — It  is  easy  to  control  the  feed  of  coal  which 
orresponds  in  this  respect  to  gas  or  oil. 

Third. — There  is  a  very  considerable  saving  in  labor 
ver  hand-fired  furnaces. 

Fourth. — The  supply  of  coal  is  more  abundant  than  oil 
r  natural  gas. 

Besides  malleable  castings,  the  Pressed  Steel  Car  Co. 
Iso  manufactures  steel  castings.  They  are  annealed  in  the 
ime  furnace  as  the  malleable  castings.  The  temperature 
•»rried  when  annealing  steel  is  1660  degrees  Fahr.  One  of 
lese  furnaces  was  lighted  at  3  p.  m.,  July  15,  and  firing  dis- 
ontinued  at  11  a.  m.,  July  16,  so  that  the  total  time  required 
ir  the  annealing  was  20  hours.  The  coal  consumption  was 
X)   pounds  per  ton  of  metal. 

Fig.  3  shows  the  tops  of  the  furnaces  and  the  pipes 
trough  which  the  coal  and  air  are  delivered  to  the  burners. 
ae  large  spiral  riveted  pipe  on  top  carries  the  coal,  while 
fe  secondary  air  flows  through  the  lower  one.  From  both 
fese  branch  2-inch  wrought  iron  pipes.  The  latter  are  con- 
Cted  at  their  upper  ends  to  the  control  valves,  shown  in 
te  illustration,  which  regulate  the  flow  of  coal  and  air  to  the 
Irners.     Their  lower  ends  terminate  at  the  burner. 

Principle  of  Distribution 

The  coal  which  passes  through  the  upper  pipe  is  of 
orse  very  fine,  as  it  must  be  held  in  suspension  throughout 
tl  length  of  the  pipe.  The  principle  of  distribution  is  as 
fOws : 
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The  coal  is  receiv  ed  in  cars  and  after  being  dried  is  pul- 
verized and  then  conveyed  pneumatically  to  a  substation 
at  the  foundry  building.  Here  it  is  separated  from  the  high 
pressure  air  and  falls  into  a  25-ton  bin.  Two  spiral  Fcrew- 
feed  the  coal  from  this  bin  into  a  pipe  connected  to  the  sue 
tion  side  of  fan.  This  fan  has  a  capacity  of  6000  cubic  feet  of  ai: 
per  minute.  In  the  fan  the  fine  coal  is  mixed  with  air  in  tlif 
proportion  of  1  pound  of  coal  to  60  cubic  feet  of  air.  Thi^ 
mixture  is  then  forced  through  the  pipes  and  delivered  to  tb 
burners  as  desired  by.  the  furnace  attendant.  As  is  we 
known,  it  requires  at  least  200  cubic  feet  of  air  to  form  a 
combustible  mixture  with  one  pound  of  coal. 

There  is,  therefore,  no  danger  of  combustion  until  th 
necessary  additional  140  cubic  feet  has  been  added  at  tli. 
burner.  T\\e  ratio  of  1  pound  of  coal  to  60  cubic  feet  of  ai 
is  maintained  automatically  by  a  very  simple  electrical  coi 
trivance.  If  desired,  the  ratio  can  be  changed  and  the  m; 
chmery  set  to  hold  it  constant. 

There  have  been  spasmodic  attempts  to  apply  powdere 
coal  to  air  furnaces,  but  none  of  these  have  progressed  b 
yond  the  experimental  stage.  I  believe  there  is  a  very  profitab 
field  open  in  this  connection  and  from  what  information 
can  gather  I  do  not  see  any  insurmountable  obstacles  to  i 
successful  application.  W.  R.  Bean  presented  a  paper  t 
this  subject  at  the  Boston  meeting.  The  results  from  ti 
experiments  cited  in  this  paper  substantiate  the  opinion  tl 
we  will  before  long  be  burning  powdered  coal  in  melti; 
furnaces. 

A  movement  is  now  on  foot,  I  believe,  to  standard/ 
and  improve  malleable  iron  annealing  furnace  constructio 
This  certainly  is  a  laudable  movement,  and  if  carried  throt, 
should  insure  beside  a  high  quality  of  product  an  increac: 
efficiency  of  operation.  It  should  lower  the  quantity  and  c* 
of  fuel  per  unit  of  output.  Those  bel.ind  this  movement  i 
find  powdered  coal  admirably  suited  to  fulfill  the  fuel  ? 
quirements  in  these  furnaces. 

For  the  information  contained  in  this  paper.  I  desini 
extend  my  thanks  to  C.  H.  Gale,  superintendent  of  k 
foundry  of  the  Pressed  Steel  Car  Co.  j 
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Efficient  Use  of  Pulverized  Coal  in 
Malleable   Foundry  Practice 

By  Milton  W.  Arrowood,  Chicago 

There  is  probably  no  branch  of  industry  that  can  realize 
greater  benefit  from  the  proper  application  of  pulverized 
fuel  than  the  malleable  iron  foundry.  The  economy  in 
annealing  ovens  is  very  considerable  and  has  been  recognized 
for  a  number  of  years.  The  advantage  of  any  efficient 
means  of  eliminating  hand  firing  on  air  melting  furnaces, 
is  a  matter  that  is  hardly  open  to  debate  with  any  foundry 
superintendent.  It  is  of  interest,  therefore,  to  examine  the 
elements  of  the  matter,  considering  the  difficulties,  in  order 
to  reach  a  rational  conclusion  as  to  what  means  may  be 
employed  to  utilize  pulverized  fuel  in  annealing  ovens  and  on 
melting  furnacesj  with  maximum  efficiency  and  satisfactory 
working   conditions. 

I  Preparation  of  the  Fuel 

<  It  will  not  be  the  purpose  of  this  paper  to  discuss  in  any 

ik  detail    the    general    processes    of    preparing    coal    for    use    in 

1  pulverized  form,  as  it  will  be  assumed  that  the  coal  has  been 

ti»  properly    prepared    and    brought    to    the    furnace    in    proper 
condition    and    of    approximately    the    recognized    commercial 

rli  standard  of  fineness  such  that  85  per  cent  will  pass  through 

loi  a    2(X)-mesh    screen.     Notwithstanding    the    claims    that    have 

u  been    made,    from    time    to    time,    that    it    is    not    necessary 

:aSi  to  grind   the   coal   to   such   a   degree   of   fineness,   the   weight 

0  of  experience  seems  to  indicate  that  best  results  are  secured 
t  with   finely-ground   fuel.     Let   us   take   it    for   granted,   there- 

1  fore,    that    suitable    receiving,    crushing,    drying,    pulverizing, 
distributing  and   storing   facilities  have  been   provided  to   fur- 
ore          nish    fine,    dry    fuel    at    the    furnaces.     To    accomplish    this, 
f             with  a   clean   plant   and  elimination   of   hazards,   it   will   have 

been  necessary  to  have   designed  the  plant   with   great  care; 
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not  only  with  a  view  to  complete  removal  of  moisture,  so 
that  the  coal  may  be  most  readily  pulverized,  but  also  with  a 
view  to  maintaining  the  dry  condition  of  the  fuel  until  it  is 
used. 

The  standard  of  dryness  necessary  will  vary  somewhat 
with  the  character  of  the  fuel,  depending  on  whether  the 
moisture  present  is  surface  or  combined.  While  it  is  gen- 
erally advisable  to  dry  the  coal  to  1  per  cent  or  less  of 
moisture  and  the  coal  so  prepared  will  always  show  the 
best  furnace  conditions,  there  still  may  be  times,  particularly 
during  the  winter  season,  when  absolute  maintenance  of  such 
a  rigid  standard  is  not  possible.  The  degree  of  efficiency 
then  possible  will  depend  much  on  the  size  and  type  of  fur- 
nace and  still  more  on  the  type  of  feeding  apparatus 
employed.  While  early  failures  with  pulverized  fuel  were 
attributed  largely  to  moist,  coarse  coal,  it  has  recently  been 
claimed  by  some  that  it  is  not  necessary  to  dry  the  coal. 
From  a  thermal  standpoint,  this  could  never  be  the  case,  for 
if  **low-temperature"  heat  is  not  used  to  remove  the  moisture 
in  a  dryer,  "high-temperature"  (more  expensive)  heat  must 
be  used  in  the  furnace  to  remove  and  perhaps  disassociate 
this  moisture.  If  the  coal  comes  from  a  dry  mine  containing 
2  or  3  per  cent  of  moisture,  or  even  more  with  certain  coals, 
and  is  kept  under  cover,  it  is  doubtful  if  the  overhead  for 
drying  equipment  can  be  justified  from  the  standpoint  of 
furnace  loss,  except  in  the  more  difficult  high-temperature 
or  close  temperature-control  processes.  This  and  similar  mat- 
ters can  only  be  determined  by  close  consideration  of  all  the 
facts  in  view,  and  by  bringing  into  play  the  trained  judgment 
of   experienced  and  competent   pulverized    fuel  engineers. 

Furnace  Efficiency 

A  great  deal  of  thought  has  been  expended  on  what  may 
be  called  the  preparation  and  distribution  side  of  pulverized 
coal  installations,  but  a  casual  survey  of  a  half  dozen  of  the 
latest  and  largest  installations  is  sufficient  to  leave  one  amazed 
at  the  comparatively  little  regard  apparently  given  to  the 
important   matter   of   actual    results   with    the   pulverized   coal 
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in  the  furnace.  This  fundamental  seems  generally  to  have 
been  left  for  the  plant  operating  force  to  work  out.  The 
prevailing  attitude  seems  to  be  embodied  in  the  oft-quoted 
question  and  answer:  **Will  powdered  coal  burn?  Cer- 
tainly it  will  burn.  Throw  it  into  the  furnace  and  let  it 
burn."  Put  this  way,  it  has  seemed  so  easy  as  to  appear 
an  actual  bonanza  for  the  uninitiated.  But  soon,  ah!  soon 
comes  the  disillusionment.  Then  we  have  the  old  saw,  "We 
tried  powdered  coal  and  did  not  find  it  practical  for  our  fur- 
naces."    Here  we  have  the  answer  to  the  question,  "Why  has 


FIG.   1— DIAGRAM  SHOWING  MIXING  ACTION  IN  PULVERIZED  COAL  BURNER 

powdered  coal  not  advanced  more  rapidly?  Why  is  it  not  used 
for  this,  that  or  the  other  thing?  Simply  because  the 
seeming  ease  of  application  has  caused  (shall  we  say  it?) 
"Fools  to  rush  in  where  angels   fear  to  tread." 

Of  course  volatile  pulverized  fuel  is  highly  combustible 
when  dry,  and  if  injected  into  a  furnace  at  ignition  tem- 
perature, will  ultimately  burn  as  it  finds  air.  But  how  will 
it  burn?  Where  will  combustion  be  completed?  What  kind 
of  slag  will  be  formed  and  where  will  it  be  deposited?  What 
will  happen  to  the  bridge  wall,  the  roof,  the  side  walls,  the 
flue  outlet?  It  is  not  believed  that  the  highest  efficiency 
is  possible  except  where  the  greatest  care  is  taken  to  introduce 
the   air   and   fuel   into   the    furnace   as   a   completely   diffused 
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mixture.  This  paper,  then,  is  a  protest  against  "haphazard 
feeding,"  "large  combustion  space  required  for  pulverized 
coal,"  and  methods  other  than  complete  mixing  of  the  air 
and  fuel  outside  the  furnace. 

Many  references  are  made  in  current  pulverized  coal 
literature  to  the  necessity  of  mixing  the  fuel  with  air.  The 
term  "mixing"  is  applied  apparently  to  any  scheme  of  feeding 
pulverized  coal  that  will  result  in  one  or  more  moving 
strata  of  coal  and  air  streams,  some  of  which  may  be  arranged 
to  cross-fire  on  the  others  and  thus  create  a  certain  **com- 
mingling  effect."  This  is  not  at  all  the  character  of  mixing 
required  for  that  complete  diffusion  of  the  coal  dust  in  the 
total  amount  of  combustion  air  by  which  means  alone  the 
highest  efficiency  can  be  obtained.  Let  us  therefore  look 
at  the  matter  from  a  common  sense  standpoint.  There  are 
certain  propositions  on  which  it  is  believed  we  all  may  well 
agree.     Some  of   these  may  be  stated  briefly  as   follows: 

1. — Combustion  is  a  chemical  reaction,  which  in  prac- 
tice is  employed — not  for  any  effect  of  the  reaction  itself — 
but  in  order  to  liberate  heat,  a  by-product  of  the  reaction. 
Since  it  is  heat  that  is  to  be  used,  and  this  heat  is  present 
in  the  gases  resulting  from  combustion,  the  less  foreign  mat- 
ter, slag  or  ash,  contained  in  the  gases,  the  more  efficiently 
can  the  heat  be  utilized.  Hence  a  burner  that  quickly  and 
largely   removes   slag   from  the   gases   is   desirable. 

2. — Any  air  not  required  to  supply  oxygen  for  combustion 
is  a  detriment,  since  it  will  absorb  heat.  Arguments  of 
"expediency"  calling  for  the  use  of  excess  air  to  protect  brick, 
boilers,  etc.,  from  excess  temperature,  should  therefore  be 
abandoned  in  favor  of  apparatus  and  methods  that  control 
the   heat   without   dilution. 

3. — From  the  earliest  inception  of  chemistry,  the  idea 
of  molecular  formation  has  been  at  the  base  of  chemical 
science.  It  is  well  recognized  that  a  rapid  and  complete  reac- 
tion is  best  produced  by  fine  division  and  thorough  mixing 
of  maierialSn  which  then  need  be  present  only  in  the  chemical 
proportions  necessary  for  the  reaction.  Therefore,  any  plan 
of  fcetiing  puUerizcd  coal  calling  for  an  excess  of  air.  must 
concede  coaT>e  coal  or  poor  mixing — one  or  both.  There 
follow  all  the  secondary  difficulties,  such  as  reduced  tempera- 
tures, imperfi'ct  control  of  furnace  conditions,  progressive  coni- 
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bustion,   abrasion   of   brickwork,   slag  deposition  on   work  and 
a     train    of    other    problems. 

4. — Complete  mixing  or  diffusing  of  gases  one  with  an- 
other is  conceded  to  be  one  of  the  most  difficult  problems 
of  the  scientific  investigator.  Any  process  which  introduces 
separate  air  and  coal  streams  into  the  furnace,  to  be  there 
mingled  and  broken  up,  prior  to  completing  combustion 
comes  immediately  in  contact  with  this  physical  difficulty  of 
gas  mixing.  It  is  not  then  a  simple  process  of  diffusing 
finely  divided  solid  material  through  the  air,  but  the  far  more 


FIG.    2— GENERAL   ASSEMBLY  OF  BURNER   FOR   AIR   MELTING   FURNACE 

complicated  matter  of  thoroughly  mixing  and  diffusing  one 
with  the  other,  the  oxygen  and  various  gases  of  distillation 
from  the  coal.  Moreover  the  furnace  temperature  is  such 
as  to  increase  the  volume  of  gases  until  it  is  several  times 
greater  than  that  of  the  cold  air,  which  might  better  have 
been  mixed  with  the  fuel  outside  the  furnace  in  an  apparatus 
designed   for  the  purpose. 

5. — A  review  of  inventions  of  pulverized  fuel  feeders 
and  burners,  shows  that  in  practically  all  cases,  the  effort 
has    been    to    attack    a    body    of    coal    dust    from    without    by 
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means  of  variously  directed  jets  or  drafts  of  air  or  else  to 
deposit  a  stream  of  coal  in  a  moving  stream  of  air.  In  some 
cases  a  specially  constructed  injection  nozzle  discharges  a 
stream  of  coal  in  an  annular  stream  of  air,  or  it  may  be  that 
an  annular  stream  of  coal  is  discharged  around  an  inner  ^jct 
of  air.  Any  method  of  breaking  up  or  eroding  a  body 
of  coal  by  a  stream  of  air  flowing  over  the  surface,  will 
require  both  time  and  a  considerable  amount  of  excess  air. 
Again,  where  the  coal  is  deposited  in  a  moving  stream  of 
air,  either  this  air  must  move  at  comparatively  high  velocity, 
in  order  to  carry  the  comparatively  dense  body  of  dust  until 
broken  up,  or  else  a  volume  of  air  in  excess  of  combustion 
requirements  must  be  used.  Either  horn  of  high  velocity  or 
excess  air  is  objectionable. 

Like  Breaking  a  Grenade 

It  appears  safe  to  state  that  none  of  the  "streamline" 
methods  of  feeding  are  capable  of  completely  diffusing  the  coal 
dust  uniformly  throughout  the  entire  volume  of  combustion 
air,  or  of  accurately  proportioning  the  amount  of  air  to  coal 
in  a  strict  combustion  mixture.  Such  a  complete  mixture  can 
be  had  in  an  apparatus,  designed  especially  for  the  purpose, 
wherein  the  volumes  of  coal  and  air  are  successively  divided 
into  various  smaller  volumes,  and  so  handled  as  to  create  a 
large  number  of  eddying  currents  of  air  within  the  apparatus, 
sufficient  in  number  and  strength  of  action  to  bring  about  com- 
plete diffusion  of  the  dust  particles  within  the  air.  All  prob- 
lems calling  for  rapid  and  wide  diffusion,  whether  it  be  a 
bursting  hand  grenade,  or  the  mere  breaking  up  of  a  dust 
body,  call  for  action  from  the  inside  out.  On  this  principle  an 
apparatus  can  be  designed  to  diffuse  a  sufficient  volume  of  dust 
to  meet  the  large  capacity  and  exacting  requirements  of  the 
largest  furnaces,  calling  for  low  discharge  velocity  and  accurate 
control  of  combustion  conditions.  Our  ideal  condition,  then, 
will  be  to  conduct  a  certain  amount  of  air  within  a  volume 
of  coal  dust,  and  by  there  turning  it  loose,  burst  the  particles 
apart  in  all  directions.  Then  by  subjecting  this  rough  mixture 
to  further  treatment  in  an  apparatus,  creating  a  large  number 
of  eddying  currents,  we  insure  uniformity  of  dust  diffusion 
throughout  the  entire  volume  of  combustion  air. 
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The  first  phase  of  this  ideal  process  can  be  only  approxi- 
mated in  practice,  but  the  action  of  the  coal  control,  the  upper 
part  of  the  apparatus  seen  in  Fig.  1,  approximates  the  desired 
condition  sufficiently  for  all  practical  purposes.  Here  the  coal 
dust  as  thrown  off  by  the  feed  screw  into  the  mixing  drum 
of  the  coal  control,  is  immediately  attacked  by  a  heavy  blast 
of  air,  A,  directed  at  right  angles  across  its  path  and  finding 
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a  ready  entrance  into  the  body  of  coal,  owing  to  its  disturbed 
condition  as  showered  from  the  screw  end.  The  coal  and  air 
must  then  pass  through  the  holes  of  the  perforated  screen 
in  the  drum,  and  in  so  doing  there  is  a  kind  of  kneading  or 
wire-drawing  effect,  tending  to  equalize  the  dust  diffusion  in 
the  air.  The  jets  issuing  from  the  screen  holes,  B,  flare,  and 
on  coming  in  contact   with  the  outer  drum,  burst  into  reverse 
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flow  lines  somewhat  on  the  order  of  a  mushroom  head.  The 
distance  between  shell  and  drum  being  small  there  is  opportunity 
for  a  rebound  of  the  current  against  the  outside  of  the  per- 
forated shell,  if  indeed  the  flow  lines  have  not  at  this  time 
been  lost  in  the  mass  of  eddying  currents,  all  of  which  are 
ultimately  drawn  together  at  the  one  large  outlet,  C,  there  to 
receive  a  general  kneading  to  make  diffusion  more  uniform. 
The  action  here  may  be  taken  as  rather  complete,  but  as  we 
wish  to  wofk  on  accurately  proportioned  mixtures  of  air  and 
coal,  the  diff^usion  must  be  still  further  carried  out  in  the  dis- 
charge section  of  the  apparatus,  which  is  the  mixing  chamber 
proper. 

Detail  of  Burner 

The  partially  mixed  material  coming  from  the  coal  control 
enters  the  burner  at  C,  Fig.  1,  which  shows  what  is  known 
as  a  quadruplex  burner,  so  called  on  account  of  its  having  four 
sets  of  mixing  shells  concentrically  arranged.  This  burner, 
which  is  30  inches  in  diameter  and  about  10  feet  long  over  all, 
is  of  the  size  and  type  generally  used  for  the  air  melting 
furnace.  The  design  is  capable  of  being  used  with  any  number 
of  the  mixing  shells  and  in  the  smaller  sizes  one  or  two  sets 
are  usually  employed.  On  the  average  malleable  annealing 
oven,  for  example,  two  sets  of  shells  will  ordinarily  be  em- 
ployed and  the  outside  diameter  of  the  burner  will  be  from 
6  to  10  inches  and  the  overall  length  from  3  to  4  feet.  Fig. 
2  shows  a  general  assembly  of  the  apparatus  in  front  of  a 
melting  furnace. 

Fig.  3  is  a  general  view  of  the  front  end  of  this  furnace, 
showing  the  coal  hopper  to  the  bottom  of  which  is  attached 
the  coal  control,  containing  the  feed  screw  which  delivers  the 
coal  to  the  control  mixing  drum  seen  at  the  left  behind  the 
post.  Below  is  the  burner  proper  with  its  discharge  nozzle, 
which  is  6  inches  high  and  5  feet  wide.  The  blast  fan  is 
mounted  immediately  at  the  right  of  the  short  outlet  connection 
which  connects  it  with  the  24-inch  valve  and  hence  to  the 
burner.  It  is  here  shown  driven  by  belt,  though  direct-connec- 
tion will  later  be  installed,  being  considered  preferable  for  this 
drive.     The  general  assembly  of  this  apparatus  is  most  clearly 


Digitized  by  VjOO^ IC 


286  American  Foundrymen's  Association 

shown,  with  some  of  the  principal  dimensions  in  the  vertical 
elevations,  Fig.  2,  where  the  position  of  the  valves  and  speed 
reduction  set  for  the  direct-connected  drive  of  the  feed  screw 
are  also  shown.  This  view  is  on  the  side  opposite  from  that 
of  Fig.  3.  Fig.  4,  which  is  another  view  taken  farther  to 
the  right,  clearly  shows  the  motor  and  gear  reduction  set  of 
the  feed  screw  drive.  This  view  also  clearly  shows  the  ar- 
rangement of  the  fan  and  its  motor  and  the  controllers  which 
are  immediately  to  the  rear  of  this  motor  beside  the  fan  are 
more  clearly  seen  in  Fig.  5,  while  Fig.  9  gives  a  good  idea 
of  the  arrangement  for  top  blast  as  provided  from  a  direct 
motor-driven,  positive-pressure  blower.  This  unit  has  consider- 
ably more  capacity  than  is  actually  required,  but  was  installed 
to  avoid  delay  in  erection  on  account  of  being  on  hand.  At  the 
right  of  Fig.  9,  it  will  be  noted  that  provision  is  made  to  remove 
a  bung  of  narrow  width  in  order  to  check  the  stack  draft  as 
required,  the  stack  provided  being  of  rather  more  liberal  pro- 
portions than  necessary  with  this  method  of  firing. 

Referring  again  to  Fig.  1  in  which  an  attempt  is  made  to 
indicate  the  general  tendency  to  formation  of  air  currents, 
it  will  be  noted  that  the  partially  mixed  air  and  coal  on  coming 
from  the  coal  control  and  entering  the  burner  at  the  point  C 
is  divided  by  means  of  the  successive  communicating  tubes, 
£.  This  mixture  enters  each  of  the  four  coal  and  air  (C-and- 
A)  strata,  while  at  the  same  time  additional  air  in  an  amount 
regulated  to  give  a  perfectly  balanced  mixture,  enters  the  open 
end  of  the  burner  through  a  24-inch  valve.  Some  of  this  air 
passes  into  the  center  pipe,  while  the  remainder  goes  into  the 
air  strata  which  are  concentric  and  just  inside  their  respective 
C'2ind'A  strata.  The  outer  shells  of  all  air  strata  and  the  inner 
pipe  contain  a  number  of  holes  arranged  in  successive  staggered 
rows,  a  total  of  1516  holes  being  used  in  all  the  shells  of  the 
30-inch  burner.  It  will  be  seen  that  these  1516  jets  of  air 
give  a  tremendous  mixing  effect  in  the  comparatively  thin  strata 
of  partially  mixed  coal  and  air  streams.  At  this  point  it  will 
be  discovered  that,  aside  from  the  space  economy  in  having 
the  shells  arranged  concentrically,  there  is  a  purpose  in  having 
the  radial  distance  between  the  shells  comparatively  short,  in 
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order  to  insure  a  good  jet-piercing  effect  into  the  resilient  C- 
and-^  strata  of  material.  The  analogy  here  is  that  of  cutting 
a  thick  piece  of  rubber  with  a  knife.  One's  first  instinct  is  to 
place  the  rubber  on  a  hard  surface.  With  usual  fan  blast,  the 
air  jet  will  pierce  little  more  than  2  inches,  so  at  this  distance 
a  solid  backing  is  provided. 

Eddy   Currents  are    Useful 

Consideration  will  show  that  the  structure  illustrated  will 
cause  a  large  number  of  complicated,  cross-firing  and  eddying 


FIG.    5— OPERATING   SIDE   OF    BURNER   SHOWING    LOCATION    CONTROLS 

air  currents,  thus  affording  every  practical  assurance  of  the 
thorough  and  complete  mixing — diffusion — of  the  coal  dust  in 
the  entire  volume  of  air.  In  the  first  place  it  is  noted  that 
the  partially  mixed  material,  on  entering  the  various  strata 
of  the  burner,  is  considerably  expanded,  by  reason  of  the  fact 
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that  the  volumetric  capacity  of  the  burner  is  calculated  on  ihe 
total  amount  of  air  to  be  used,  while  a  suinll  proportion  of  this 
air,  usually  from  one-fourth  to  one-eighth,  is  introduced  into 
the  coal  control.  The  exact  division  of  air  is  not  of  the  first 
importance,  provided  that  sufficient  air  is  r.dmitted  to  the  coal 
control  to  give  the  general  breaking  up  c fleet  desired.  Since  ihc 
greatest  mixing  effect  occurs  in  the  burner  proper,  it  is  evident 
that  the  larger  proportion  of  air  can  be  used  there  to  best 
advantage. 

In  any  case,  therefore,  the  rough  mixture  from  the  coa' 
control  will  find  considerable  expansion  volume*  on  entering: 
the  C'SLTid'A  strata  of  the  burner.  On  this  account  and  a^-i' 
on  account  of  some  loss  of  pressure  due  to  friction  in  the  upi>er 
part  of  apparatus,  the  pressure  in  the  C-and-//  strata  will  ht 
considerably  less  than  that  in  the  air  strata.  The  rough  mix- 
ture is  then  in  the  condition  of  expanding  or  opening  up  at  the 
same  time  that  the  1516  spreading  air  jets  are  feeding  into  its 
rarer  atmosphere.  Any  process  of  attempting  to  drive  air  jets 
from  without  into  a  cylindrical  moving  stream  of  air  loses 
all  sight  of  this  expansion  effect  in  mixing  and  moreover  tend-; 
to  make  piercing  by  the  jet  more  difficult  owing  to  its  compress- 
ing the  stream  into  which  it  endeavors  to  flow. 

Some  attempt  is  made  to  indicate  the  currents  by  arrows 
and  flow  lines  on  the  diagram.  Fig.  1.  The  annular  streams  of 
completed  mixture  issuing  from  the  C-^nd-A  strata  into  the 
nozzle  are  deflected  down  by  its  sloping  roof  into  and  across 
each  other,  until  on  reaching  the  bottom  of  the  nozzle  the> 
would  tend  to  flow  in  a  reverse  direction  but  for  the  stronger 
driving  power  of  the  stream  as  a  whole.  Thus  numerous  eddy- 
ing currents  are  formed  in  the  nozzle  and  the  mixture  is  kq»t 
in  violent  agitation  until  the  moment  of  discharge  into  the 
furnace  as  a  rolling,  eddying  mass  of  air  currents  uniform!) 
charged  with  dust.  This  internal  rolling  and  whirling  etfect 
in  the  material  as  discharged  is  of  the  q:ieatest  value  in  securing: 
rapid  ignition  by  bringing  the  inner  portions  of  the  mass- 
especially  in  the  larger  burners — in  contact  with  the  outer  ignit- 
ing film  of  mixture.  Right  here  it  is  well  to  note  what  possih'} 
may  explain  the  fact  that  even  with  comparatively  large  ni)72lcs 
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and  low  discharge  velocities,  this  burner  shows  no  tendency 
to  back  fire.  Very  probably  this  is  due  in  some  degree  to  the 
eddying  currents  tending  to  damp  or  break  up  any  incipient 
flame  current  propagation  in  a  direction  toward  the  burner. 
This  is  considered  a  valuable  feature,  since  it  permits  the  low 
velocity  of  discharge  so  essential  to  best  results,  and  particu- 
larly so  in  the  large  burners. 

The  elongated  rectangular  nozzle  also  appears  to  have  a 
certain  damping  effect  against  back  firing,  particularly  in  the 
smaller  sizes.  Early  in  the  experimental  work  with  burners  of 
this  design,  it  was  discovered  that  the  discharge  velocities  could 
be  reduced  to  a  point  much  lower  than  had  previously  been 
considered  possible. 

Having  thus  developed  a  burner  design  capable  of  beini; 
constructed  in  any  size  and  which  is  capable  of  intimately 
mixing  and  diffusing  the  coal  dust  throughout  the  entire  volume 
of  air  admitted  to  the  apparatus,  and  to  which  air  is  admitted 
under  control,  so  that  it  can  be  regulated  to  the  theoretical 
amount  required  for  complete  combustion;  it  remains  only  to 
consider  the  benefits  derived  in  the  furnace  from  such  a  mixing 
and  feeding  apparatus  properly  proportioned  to  give  the  volume 
and  velocity  of  discharged  mixture  suited  to  the  particular 
furnace.  As  the  conditions  named,  give  a  wide  degree  of  flex- 
ibility in  operation,  no  hesitancy  is  felt  in  applying  this  burner 
to  any  type  of  furnace. 

General  Furnace  Conditions 

Before  taking  up  in  detail  the  conditions  in  melting  and 
annealing  malleable  iron,  it  seems  well  to  point  out  some  of  the 
general  furnace  conditions  established  by  the  operation  of  this 
burner.  Owing  to  the  low  discharge  velocity,  it  was  soon 
found  that  the  mechanical  erosion  and  abrasion  of  brick  was 
eliminated.  Owing  to  the  mixture  entering  the  ignition  cham- 
ber completely  diffused,  with  each  particle  of  coal  surrounded 
by  sufficient  air  for  its  combustion,  there  is  no  necessity  of  im- 
pacting the  stream  of  fuel  and  air  against  the  bridge  wall,  with 
the  idea  of  breaking  up  and  commingling  the  streams  of  ma- 
terial and  air  heretofore  injected  into  the  furnace  largely  as 
parallel  unmixed  streams.     This  saving  of  brickwork  and  also 
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the  complete  combustion  resulting  from  mixing — no  combustible 
in  ash — reduces  the  amount  of  slag  formed  in  the  furnace. 

Thus  the  slag  to  be  considered  is  practically  only  that  re- 
sulting from  the  fusible  material  in  the  ash  of  the  coal.  It 
is  well  understood  that  any  process  of  commingling  the  jets  of 
air  and  coal  inside  the  furnace,  means  that  combustion  will 
occur  throughout  the  length  of  gas  travel  as  the  coal  particles 
find  air,  so  that  there  is  established  a  condition  which  we  shall 
term  progressive  combustion.  With  this  character  of  combus- 
tion, the  heat  is  liberated  progressively  along  the  path  of  flame 
travel  and  at  no  point  is  there  a  comparatively  high  heat 
center.  Without  going  into  chemical  details — and  I  am  not  a 
chemist — it  is  understood  that  in  a  general  way,  comparatively 
low  flame  temperatures  of  say  1600  to  2000  degrees,  result  in 


FIG.    6— TEMPERATURE    RECORD    ON    MUFFLE    ANNEALING    OVKN 

the  formation  of  the  lower  oxides  of  materials  contained  in 
the  ash  that  are  fusible.  It  so  happens  that  these  oxides  arc 
stifSF  and  pasty  and  difficult  to  handle  when  hot,  and  when  cold 
are  extremely  hard  and  difficult  to  break  out  of  the  furnace 
On  the  other  hand  these  same  materials  in  the  ash  when  fuse*  I 
at  a  higher  temperature  (materials  such  as  lime,  iron,  silica 
and  to  some  extent  magnesia)  will  then  form  the  higher  oxides, 
which  are  highly  fluid  when  hot  and  brittle  as  glass  when  cold. 
Any  material  which  does  not  fuse  at  usual  temperatures  of 
say  2500  to  3000  degrees,  such  as  aluminum  oxide,  for  example, 
will  pass  over  as  an  impalpable  fine  powder. 

Now   with   progressive   combustion    there   is    not    sufficient 
heat  liberated  at  any   one  point   to  establish    the  temperatures 
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necessary  for  formation  of  the  desirable  kind  of  slag.  The 
sticky  plastic  slag  that  is  formed  includes  within  its  body  by 
agglomeration  a  percentage  of  infusible  material,  thus  in- 
creasing the  amount  of  this  slag  to  be  handled.  One  of  the  diffi- 
cukies  in  locomotive  and  boiler  practice  has  been  the  honey- 
comb built  up  on  tubes  by  this  slag  formation.  It  seems  rea- 
sonable to  assume  that,  when  cutting  down  a  charge  of  metal, 
such  a  slag  formation  on  the  iron  surface  might  readily  be 
formed,  with  a  burner  resulting  in  imperfect  mixing  and  hence 
progressive  combustion.  It  can  readily  be  seen  that  such  a 
heavy  layer  of  slag  could  be  collected  more  easily  on  a  mass 
of  cold  metal  than  on  comparatively  hot  tube  sheets,  as  in  a 
locomotive.  Such  a  formation  could  not  be  disposed  of  until 
the  general  temperature  of  the  furnace  had  risen  high  enough  to 
fuse  it  as  a  body.  This  would  mean  too  long  a  time  in  cutting 
down  the  charge. 

Where  the  air  and  coal  mixture  is  introduced  into  the  fur- 
nace, with  each  particle  of  coal  surrounded  by  its  appropriate 
amount  of  air  for  combustion,  the  burning  of  this  particle  oc- 
curs almost  instantaneously  on  its  being  subjected  to  the  igni- 
tion temperature.  Since  upward  of  five  thousand  times  as 
much  volume  of  air  as  of  coal,  is  required  for  complete  com- 
bustion; it  is  more  a  question  of  heating  the  air  volume,  than 
the  coal  particle  itself,  to  the  ignition  temperature.  The  dis- 
charging stream  should  therefore  be  of  form  to  present  the 
greatest  practicable  area  of  contact  surface  for  ignition.  This 
is  an  additional  reason  for  the  elongated  rectangular  form  of 
nozzle,  which  affords  a  larger  surface  of  ignition  contact  for 
the  issuing  stream  than  would  be  the  case  with  a  circular  nozzle, 
having  the  same  cross-sectional  area.  In  cases  where  it  may 
be  desired  to  somewhat  retard  combustion,  as  perhaps  in  cement 
practice,  a  circular  nozzle  may  be  used. 

Triangle   of  Igniting  Material 

Referring  to  Fig.  7,  it  will  be  seen  that,  as  the  mixture 
comes  forth  from  the  nozzle,  the  outer  film  is  immediately 
ignited  and  the  central  portion  of  the  stream  moves  forward 
thus  exposing  an  additional  surface  for  ignition.  This  con- 
tinues, to  form  the  triangle  of  igniting  material  as  seen  in  tho 
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drawing,  ignition  being  complete  at  the  point  of  this  triangle, 
which  corresponds  to  the  tip  of  the  bunsen  burner.  In  this 
sectional  elevation  of  the  flame  formation,  the  inner  triangular 
portion  represents  material  to  be  ignited  and  the  lighter  lines 
represent  in  general  the  flame  formation,  which  is  elliptical 
except  as  restricted  by  the  confining  walls  of  the  furnace.  This 
is  as  would  be  expected,  owing  to  the  increasing  volume  of  g^s 
from  successively  ignited  surfaces  and  natural  expansion  of  the 
gases.  In  smaller  burners,  with  comparatively  thin  discharging 
streams  of  mixture,  the  central  triangular  portion  of  the  figure 
practically  disappears  and  the  entire  discharge  seems  to  ignite 
from  the  burner,  especially  when  the  furnace  is  hot.  With  the 
30-inch  burner  on  the  melting  furnace  and  its  nozzle  6  x  60 
inches,  this  central  pointed  portion  of  igniting  material  may  be 
3  to  4  feet  long  when  the  furnace  is  cold,  but  it  also  practically 
disappears  when  the  furnace  has  become  hot.  The  combustion 
chamber  should  therefore  be  long  enough  to  accommodate  this 
burning  jet  and  allow  reasonable  expansion  of  the  flame  pro- 
duced before  reaching  the  bridge  wall,  as  otherwise  the  flame 
will  be  chilled  too  much  and  will  make  the  furnace  sluggish  in 
firing  up.  In  practice  it  is  found  that  little  if  any  change  need 
be  made  in  the  usual  length  of  combustion  chamber,  but  the 
volume  should  be  reduced  to  correspond  with  the  less  volume  of 
gases  being  handled  with  a  balanced  mixture.  This  is  best 
done  by  building  the  floor  of  the  combustion  chamber  only  a 
few  inches  below  the  top  of  the  bridge  wall,  the  bottom  of 
burner  nozzle  being  usually  set  in  line  with  the  top  of  the  wall. 
The  burner  so  erected  is  capable  of  feeding,  mixing  and  burning 
from  1000  to  3000  pounds  of  coal  per  hour  when  supplied  with 
blast  air  at  a  pressure  of  2  to  3  ounces  and  with  a  pressure  of 
5  ounces  it  may  feed  as  much  as  5000  pounds  per  hour. 

In  current  literature,  discussing  powdered  coal  problems, 
it  is  common  to  see  statements  to  the  eflfect  that  exceptionally 
large  combustion  space  and  strong  stack  draft  are  required. 
Such  statements  seem  to  concede  that  the  feeding  and  mixing 
apparatus  is  deficient.  Our  existing  ideas  on  the  space  required 
with  stoker  and  hand  firing,  are  determined  by  the  necessity  of 
ample  space  for  commingling  the  burning  gases,  resulting  from 
progressive  combustion,  as  air  is  passed  over  the  outer  burning 
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surfaces  of  the  fuel  lumps.  Also  the  combustion  space  must 
take  into  account  the  inevitable  excess  of  air  that  is  required  to 
secure  any  sufficient  volume  of  air  in  actual  contact  with  the 
coal.  Stack  draft  is  determined,  other  considerations  aside, 
from  the  necessity  of  drawing  this  large  volume  of  combustion 
and  excess  air  through  the  fuel  bed.  With  pulverized  coal, 
this  requirement  for  stack  draft  is  eliminated  and  if  a  burner 
is  such  as  to  reqirire  more  commingling  space  than  with  the 


FIG.    7>-DIAGRAM    OF    FLAME    IGNITION    AND    FORMATION 

old  methods  of  burning  lump  coal,  it  is  evidently  a  most  in- 
effident  piece  of  apparatus.  After  all  is  said  and  done,  why 
should  we  spend  money  to  pulverize  the  coal  to  the  ultimate 
practical  commercial  degree  of  fineness,  if  we  propose  to  use  a 
feeding  apparatus  that  will  feed  masses  of  the  fine  particles  into 
the  furnace  as  a  body?  If  several  thousand  particles  are  to 
be  thrown  into  the  furnace  as  a  lump,  we  may  as  well  save  the 
cost  of  grinding  that  lump. 

A   Confession   of  Inefficiency 

Again  the  statement  that  excess  air  must  be  used  in  burn- 
ing powdered  coal,  is  on  its  face  a  confession  of  inefficiency  in 
the  feeding  and  mixing  apparatus.     The  opinion  seems  to  be 
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that  some  excess  air  is  required  particularly  in  boiler  applica- 
tions and  more  or  less  in  general  heating  furnaces,  in  order  to 
avoid  a  destructive  temperature  on  the  brickwork  or  tubes. 
In  malleable  practice,  we  are  concerned  only  with  the  brick- 
work and,  referring  again  to  Fig.  7,  it  will  be  observed  that 
the  center  of  heat  must  be  at  or  near  the  tip  of  the  ignition 
body,  or  the  center  of  the  flame  production.  All  combustion 
is  in  suspension  in  the  body  of  gas  and  the  high  combustion 
temperatures  of  burning  partkles  of  carbon,  hydrogen,  etc., 
are  formed  in  the  center  of  the  gas  volume.  Thus  the  brick- 
work in  the  surrounding  walls  of  the  furnace  comes  in  contact 
with  the  lowest  temperature  gases — the  outer  expanded  film  of 
gas — in  the  furnace.  This  balanced  condition  of  internal 
high  temperature  in  the  body  of  gas  causing  uniform  expansion 
in  all  directions,  is  readily  maintained  by  reason  of  the  low 
discharge  velocity  employed.  Otherwise  the  hot  burning 
material  would  be  thrown  against  the  bridge  wall  at  the  very 
moment  of  combustion  and  thus  cut  it  away  as  has  been  ex- 
perienced with  high-pressure  jet  feeders.  It  is  a  remarkable 
fact  that  the  interior  walls  take  on  a  glaze  and  show  practic- 
ally no  signs  of  erosion. 

It  seems  hardly  necessary  to  point  out  that  such  a  method 
of  controlling  temperature  and  flame  is  far  superior  to  any 
method  of  introducing  excess  air  to  chill  the  gases — usually 
burning  in  contact  with  the  brick  work — in  order  to  save  the 
furnace  lining.  The  older  method  of  injecting  a  high-speed 
jet  of  material  into  the  furnace  and  against  the  bridge  wall 
means  that  the  wall  is  cut  away  and  the  flame  curls  upward 
and  to  the  sides,  thus  cutting  out  both  roof  and  side  walls.  The 
action  is  mechanical  and  also,  due  to  the  high  temperatures 
of  combustion — with  carbon  perhaps  1000  and  with  hydrogen 
2000  degrees  above  furnace  average  temperature — the  limit 
of  brick  endurance  is  passed  and  of  course  the  brick  gives 
out.  Evidently  this  high  temperature  must  be  removed  from 
the  brick,  but  is  the  injection  of  cold  air  on  the  surface  of 
the  brick  the  right  method? 

A  natural  assumption  would  be  that  the  length  of  combus- 
tion chamber  and  the  volume  of  discharge  should  be  arranged 
so  as  to  have  this  combustion  occur  in  contact  with  the  charge 
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of  iron  in  a  melting  furnace,  thereby  securing  a  rapid  cutting 
down.  There  is,  however,  a  great  difference  between  burning 
the  material  in  contact  with  a  hot  refractory  substance  and 
burning  it  in  contact  with  the  cold  iron  which  it  is  desired 
to  cut  down.  The  chilling  effect  of  the  iron  on  the  flame  is 
such  that  heating  is  much  retarded  and  the  time  of  melting 
would  be  increased.  Furthermore  the  greatest  heat  would  be 
at  the  back  end  of  the  charge. 

Tests 

Having  developed  this  type  of  apparatus,  arrangements 
were  made  to  conduct  a  series  of  tests  on  an  air  melting  fur- 
nace at  a  plant  at  Meadville,  Pa.  Owing  to  some  misunder- 
standing as  to  the  method  to  be  used  in  controlling  the  top 
blast,  the  original  burner  installed  was  designed  to  admit  half 
the  air  at  the  top  blast  and  take  the  remainder  through  the 
burner.  This  sacrificed  at  least  half  the  mixing  efficiency  of 
the  apparatus.  A  14-inch  duplex  burner  was  used,  capable  ol 
taking  air  enough  for  mixing  and  burning  1200  to  1500  pounds 
of  coal  per  hour  and  a  proportionately  greater  amount  accord- 
ing to  the  amount  of  air  admitted  at  the  top  blast.  Pulverized 
coal  was  purchased  from  an  outside  plant,  being  that  used 
ordinarily  for  annealing.     It  analyzed  as  follows: 

Per  Cent 

Sulphur     1.34 

Volatile  matter   35.32 

Fixed  carbon    50.80 

Ash 12.45 

Moisture     1.43 

Owing  to  the  fact  that  the  coal  was  stored  in  paper  bags 

in   an  open  foundry  and  samples  were  taken   from  the  bags, 

it  is  believed  a  considerable  amount  of  the  coal  contained  more 

moisture  than  shown,  as  many  of  the  bags  were  broken.     The 

coal  had  been  in  this  storage  for  some  six  months  before  the 

test. 

Air  was  supplied  by  a  No.  7  Sturtevant  fan  at  a  pressure 

on  the  fan  outlet  of  five  ounces,  the  line  running  some  40  feet 

to  a  Y-division  supplying  the  two  parts  of  the  burner.     The 

existing  branch  of  the  line  supplying  air  to  the  ash  pit  was  not 

disturbed.    The  burner  was  first  lit  with  the  furnace  empty,  the 

total  air  pressure  at  the  burner  being  8  inches  and  at  the  over- 
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head  blast  pipe  4.25  ounces  (difference  due  to  pipe  layout). 
The  furnace  was  operated  on  this  basis  for  two  hours  12  min- 
utes, the  average  coal  fed  being  about  one  ton  per  hour. 

At  1  hour  and  20  minutes  from  starting  time,  a  pig^  of 
iron  was  placed  in  the  rear  side  door  of  the  furnace  and  an- 
other in  the  front  door.  These  were  dripping  freely  in  eight 
minutes.  When  feeding  the  full  amount  of  coal,  combustion 
was  not  complete  until  the  flame  came  in  contact  with  the 
top  blast  just  over  the  bridge  wall.  Thus  the  principal  heat 
zone  was  too  far  in  the  rear  of  the  furnace.  Coal  was  filled 
into  the  hopper  by  hand  from  bags  of  weights  averaged, 
the  amount  of  coal  left  at  end  of  run  being  deducted.  It 
was  found  that  the  feed  screw  had  been  delivering  0.3  pound 
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FIG.    8— DIAGRAM   SHOWING   COMPARATIVE   ECONOMY   OF   PULVERIZED   COAL   BURNBKS 
AND   HAND   FIRING    ON   ANNEALING    OVEN 

per  turn.  The  furnace  was  built  for  a  charge  of  10  to  12 
tons. 

The  following  day,  a  2-ton  charge  made  up  of  pig  iron, 
hard  scrap  and  railway  malleable,  showing  an  average  of 
0.914  per  cent  silicon  and  0.627  per  cent  manganese  was  put 
in  the  furnace,  which  was  then  fired,  without  skimming  bath, 
for  3  hours  and  29  minutes,  when  the  iron  w^as  poured,  the 
fire  being  continued  for  15  minutes  while  tapping  out.  A 
total  of  5914  pounds  of  coal  were  used,  or  say  three  tons  oi 
coal  for  two  tons  of  iron.  The  general  character  of  the  metal 
was  satisfactory  but  it  was  necessary  to  leave  considerable 
of  slag  in  the  furnace,  owing  to  the  condition  of  the  bottom 
and  the  tap  holes. 

The  brick  covering  that  had  been  placed  over  the  grates 
was  removed  at  the  bridge  wall  across  the  fire  box   for   a 
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space  1  foot  wide  lengthwise  of  the  furnace.  This  made  it 
possible  to  admit  air  through  the  ash  pit  under  the  fire  in 
regulated  amount.  A  4-ton  charge  showing  0.902  per  cent 
silicon  and  0.62  per  cent  manganese  was  charged  on  the  fol- 
lowing day  and  on  starting  the  fire  it  was  at  once  seen  that 
the  large  volume  of  air  rising  at  the  bridge  wall  deflected  the 
flame  to  the  roof  and  formed  a  cold  blanket  on  the  bath,  thus 
making  a  slow  heating  furnace.  The  rear  bridge  wall  had 
been  built  up  two  courses  of  brick  and  after  running  one 
and  a  half  hours  it  was  decided  the  fire  was  choked  too  much. 
Twelve  minutes  were  lost  in  removing  some  of  the  brick, 
after  which  the  fire  was  continued  for  a  total  of  5  hours 
and  52  minutes,  including  a  short  shut  down  to  replace  bung. 
The  roof  showed  distress  while  the  bath  showed  dull,  attri- 
buted to  the  air  condition  above  mentioned.  Owing  to  the 
short  charge  it  was  not  possible  to  skim  the  heat  effectively, 
although  it  was  partially  skimmed  after  four  hours.  The 
total  coal  consumption  was  10,300  pounds  or  5.1  tons  for 
four  tons  of  iron  melted  in  a  12-ton  furnace.  A  test  bar 
poured  at  4  hours  and  40  minutes  showed  silicon,  0.54  per 
cent,  sulphur  0.102  per  cent,  phosphorous,  0.131  per  cent, 
and  combined  carbon  3.50  per  cent. 

Changes  Were  Made 

The  opening  over  the  grates  was  filled  up  and  the  eight 
2-inch  tuyeres  on  top  blast  were  changed  to  3-inch,  the  floor 
of  combustion  chamber  was  filled  up  to  within  10  inches  of 
top  of  front  bridge  wall.  The  outer  end  of  the  burner  was 
raised  and  the  discharge  pointed  at  a  downward  angle 
against  the  front  end  of  the  charge.  The  burner  was  then 
lighted  on  the  empty  furnace  for  1  hour  and  15  minutes,  it 
being  desired  to  start  a  charge  with  a  hot  furnace.  A  5-ton 
charge  of  the  same  composition  as  the  previous  heat  was 
then  fired  for  4  hours  and  55  minutes,  with  shut  down  of 
5  minutes  on  account  of  the  loss  of  a  bung.  The  total  coal 
fed  was  9088  pounds  or  an  average  of  1725  pounds  per  hour, 
or  a  total  of  4.5  tons  for  5  tons  of  iron  in  a  12-ton  furnace, 
with  a  considerable  amount  of  slag  left  in  the  furnace  from 
previous   heats   that  could   not  be  skimmed   properly.     The 
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quantity  of  metal  was  sufficient  to  permit  fair  skimming  an 

at  3  hours  and  30  minutes  a  considerable  amount  of  slag  c 

good   appearance   was   skimmed   off.      At   4   hours   and    1 

minutes  a  test  bar  showed  0.73  per  cent  silicon  and  0.96 

per  cent  sulphur,  while  a  second  bar  poured  at  tapping  oi 

4  hours  and  40  minutes  from  starting  showed  as  follows: 

Per  Cent 

Total   carbon    3.20 

Combined    carbon    2.78 

Graphitic   carbon 0.42 

Manganese    0.30 

Phosphorous 0.155 

Silicon     0.98 

Sulphur     0.06 

A  test  bar  poured  from  a  ladle  taken  off  during  tappin 
out  showed  0.68  per  cent  silicon,  0.081  per  cent  sulphur  an 
a  tensile  strength  of  35,600  pounds.  Another  analysis  froi 
pig,  taken  in  same  way,  showed  as  follows  from  a  differei 
chemist : 

Per  Cent 

Silicon     0.67 

Sulphur     0.048 

Manganese    0.44 

Combined  carbon   1.55 

Graphitic   carbon    1.20 

Analysis  of  iron  from  hand  fired  furnaces  in  the  sarr 

plant  showed  as  follows: 

Per  Cent 

Silicon     0.59 

Sulphur     0.092 

Phosphorous     0.156 

Manganese    0.26 

Combined    carbon    2.97 

Total   carbon    2.98 

As  a  result  of  this  test,  it  was  conclusively  shown  th 

all  of  the  air  should  be  admitted   through   the   burner   ar 

arrangements  were  then  made  to  set  up  a  burner  of  sufficie 

capacity  for  this  purpose.    At  the  time  of  sending  this  pap 

to  press,  reports  on  additional  heats  have  not  become  ava 

able.     It  is  hoped  that  further  data  will  be  available   lat< 

Another  Installation 

A  30-inch  burner  already   described  has  been   installs 
on  a   furnace,  built   for  a  capacity   of   10  to   15   tons    in 
prominent  foundry  in  Erie,  Pa.    Acting  on  the  idea  of  havii 
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the  initial  combustion  occur  on  the  front  end  of  the  charge, 
the  combustion  chamber  was  made  only  about  2  feet  in 
length  from  the  noze  of  burner  to  the  front  bridge  wall. 
For  reasons  noted,  this  proved  to  be  unsatisfactory  and  it 
was  considered  desirable  to  lengthen  the  combustion  chamber 
about  7  feet,  thus  completing  combustion  by  the  time  the 
gases  reach  the  bridge  wall  so  that  the  extremely  hot  gases 
come  in  contact  with  the  charge. 

This  lengthening  of  the  furnace,  together  with  other 
minor  changes  and  adjustments,  as  well  as  insufficient  mill 
capacity  to  supply  coal  for  full  time  operation,  and  the  fact 
that  the  conveying  system  from  the  mill  to  furnace  hopper 
has  not  been  installed,  caused  delay  in  placing  the  furnace 
in  regular  operation.  It  is  contemplated  to  put  this  unit  in 
daily  service  as  soon  as  circumstances  permit.  Unfortunately 
sufficient  heats  had  not  been  made,  at  the  time  of  com- 
pleting this  paper,  to  give  an  idea  of  the  melting  ratio.  The 
burner  has  demonstrated  g^eat  flexibility  in  operation  and 
can  be  regulated  at  will  to  secure  any  character  of  flame  de- 
sired. The  operating  staff  is  well  satisfied  that  the  con- 
ditions since  altering  the  furnace  are  such  as  to  give  satis- 
factory results.  It  is  hoped  that  further  data  will  be  avail- 
able from  additional  runs  to  be  made  with  this  equipment 
later. 

Malleable  Iron  Annealing 

In  malleable  iron  annealing,  the  burner  described  in  this 
paper  performs  functions  equally  as  satisfactorily  as  in  the 
air  melting  furnace.  For  greatest  economy  in  the  use  of 
pulverized  coal>  the  ovens  should  be  of  comparatively  large 
size.  It  then  becomes  a  problem  of  uniform  heat  distribu- 
tion and  control  so  as  not  to  burn  the  pots.  With  some 
types  of  pulverized  coal  burners  it  is  found  that  the  heat 
is  thrown  in  too  g^eat  degree  toward  the  front  end  of  the 
ovens.  At  times  the  poor  heat  distribution  with  high  velocity 
burners  results  in  burning  top  pots  near  the  burner,  while 
the  bottom  ones  on  the  same  stools  may  not  be  annealed. 
Where  a  cutting  flame  cuts  down  the  brick  of  the  firebox, 
the  destruction  of  pots  near  the  burner  may  be  aggravated 
from  slag  deposition  and  fluxing.    At  other  times,  if  the  coal 
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happens  to  be  a  little  damp  or  not  ground  as  fine  as  usual, 
some  of  it  may  be  deposited  on  the  floor  and  blanket  the 
bottom  pots  near  the  burner. 

For  reasons  mentioned,  the  complete  mixture  delivered 
by  the  burner  under  consideration,  avoiding  a  cutting  flame, 
largely  overcomes  the  slag  difficulties  and  at  the  same  time 
prevents  an  undue  part  of  the  hot  gasses  being  driven  to  the 
front  of  the  oven.  The  low  feeding  velocity  gives  a  certain 
time'  element  for  the  gases  to  expand  and  normally  fill  all 
parts  of  the  oven,  especially  near  the  burner.  These  burners 
should  with  proper  damper  regulation  of  the  oven  produce 
more  uniformly  annealed  castings  than  heretofore  has  been 
the  practice.  The  first  of  these  units  on  a  pot  oven  is  now 
being  installed  at  Buffalo,  N.  Y.,  and  it  is  hoped  to  have  ad- 
ditional  data  later. 

While  no  commercial  installation  has  yet  been  made  on 
the  muffle  type  of  annealing  oven,  a  number  of  test  runs 
were  made  on  such  an  oven  handling  railway  castings.  In 
a  plant  having  26  ovens  of  a  capacity  about  25  tons  each,  the  • 
practice  with  hand  firing  was  to  secure  one  pound  of  castings 
annealed  per  pound  of  coal.  An  improved  form  of  oven  was 
constructed  and  on  a  specially  conducted  test  showed  a  ratio 
of  2.2  to  1.  A  6-inch  powdered  coal  burner  on  the  same  oven 
showed  a  ratio  of  5.2  to  1  and  the  test  record  of  flue  tem- 
perature (presently  to  be  mentioned)  indicated  that  the 
length  of  this  oven  could  be  increased  6  feet  without  using 
any  more  coal,  in  which  case  the  ratio  would  be  7.25  to  1. 
The  diflFerence  between  1  pound  of  castings  and  7.25  pounds 
per  pound  of  coal  is  shown  graphically  in  Fig.  8.  On  this 
basis  14  ovens  will  do  the  work  of  12  and  there  is  a  capital 
saving  of  $24,000  besides  space  released  for  several  molding 
floors,  etc. 

Temperature  readings  in  the  flue,  bottom  of  muffle,  top 
of  muffle  and  in  the  flame  way  at  end  of  oven  opposite 
burner,  were  taken  hourly  by  a  thermocouple  which  had  been 
calibrated.  The  readings  are  shown  on  the  chart,  Fig.  6,  and 
it  will  be  observed  they  are  not  entirely  consistent,  due  in 
part  to  condition  of  the  pyrometer  and  also  to  changes  made 
in  rate  of  feeding,  setting  of  stack  damper,  admission  of  air 
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at.  burner,  etc.  Curves  have  been  drawn  to  indicate  the 
average  of  the  readings,  the  ultimate  temperature  desired 
not  being  as  high  as  with  pot  ovens.  By  a  more  rapid  rate 
of  firing  the  temperature  could  have  readily  been  brought  up 
faster  from  the  twentieth  to  thirty-fifth  hours  and  the  total 
time  of  firing  might  have  been  shortened  two  to  three  hours. 
The  total  time  of  firing,  however,  was  49.5  hours  as  com- 
pared to  the  usual  hand  firing  period  of  90  to  110  hours  on 
the  same  ovens.  The  special  hand-fired  test  showing  ratio 
of  2.2  to  1  was  made  in  72  hours  firing  time.  The  total  coal 
consumption  on  this  run  was  9650  pounds  and  25  tons  of 
castings  were  annealed,  making  the  ratio  5.18  to  1.  The 
castings  were  of  excellent  quality. 

Conclusion 

The  author  feels  gratified  in  being  able  to  record  the 
progress  so  far  made  with  the  air  melting  furnace.  In  so 
far  as  he  has  been  informed,  the  installation  at  the  plant  at 
Erie  is  the  first  commercial  unit  to  be  put  in  serv  ice  on  an 
air  melting  furnace.  The  30-inch  quadruplex  burner  there 
used,  with  its  nozzle  delivery  of  a  stream  6  by  60  inches  is 
believed  to  be  the  largest  single  pulverized  fuel  burner  ever 
built.  This  installation  therefore  should  constitute  an  in- 
teresting landmark  in  the  development  of  improved  firing 
methods  for  the  malleable  iron  foundry. 
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Powdered  Coal  as  a  Fuel  in  the 
Foundry 

By  A.  J.  Grindle,  Chicago  \ 

The  use  of  powdered  coal  for  fuel  has  interested  foundry- 
men,  manufacturers  and  engineers  for  over  100  years,  but 
until  the  last  few  years  its  practicability  has  been  doubted 
by  most  engineers  owing  to  the  great  number  of  failures 
which  have  been  made  in  its  preparation  and  burning. 

The  possibility  of  using  powdered  coal  for  fuel  dates 
back  as  far  as  1818,  when  an  engineer  named  Niepce  made 
an  effort  to  burn  coal  in  a  coarsely  pulverized  form  over  a 
grate  fire.  More  extensive  experiments  were  carried  on  later  by 
Henchel,  1831;  J.  J.  Whelphy  and  J.  J.  Storer  in  1866  to 
1871;  J.  Buhrer,  1867;  T.  F.  Leigh,  1868;  T.  R.  Crampton, 
1868  to  1871.  Since  that  time  hundreds  of  patents  have  been 
issued  covering  apparatus  and  furnaces  for  using  powdered 
coal  as  a  fuel.  The  largest  portion  of  these  patents  cover 
equipment  that  modern  experience  proves  could  not  have 
g^ven  satisfaction  even  though  the  coal  could  have  been  pul- 
verized fine  enough,  and  at  a  low  cost. 

Pulverizing  the  coal  was  the  greatest  difficulty  en- 
countered by  engineers  until  the  cement  manufacturers  suc- 
cessfully pulverized  and  burned  this  fuel  in  rotary  cement 
kilns  in  the  year  1895 ;  this  application  is  credited  to  Messrs. 
Hurry  and  Seaman  and  the  Atlas  Portland  Cement  Co.  The 
first  satisfactory  use  in  metallurgical  furnaces  was  established 
in  1911,  and  in  steam  boilers  in  1916. 

Its  Use  in  the  Foundry 

In  malleable  and  steel  foundries  using  10  tons  of  coal 
per  day,  or  its  equivalent  in  oil,  gas  or  coke,  the  use  of 
powdered   coal   for   fuel    is   practical    in    the   opinion   of   the 
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author.  There  are  several  open-hearth  furnaces  now  using 
this  fuel ;  steel  is  being  melted  with  450  to  600  pounds 
of  coal  per  ton  of  charge.  There  are  about  15  malleable 
foundries  using  powdered  coal  for  annealing,  the  fuel  ratio 
on  these  ovens  being  from  500  to  700  pounds  of  coal  per  tor 
of  castings;  much  time  is  being  saved  in  bringing  the  ovens 
up  to  annealing  temperature.  Malleable  iron  has  been  melted 
with  31.2  per  cent  coal  to  iron,  a  12-ton  heat  melted  in  three 
hours  and  40  minutes  with  a  ton  more  scrap  than  usual  in 
place  of  pig  iron. 

Steam  boilers  are  being  fired  with  powdered  coal  and 
8y2  to  11  pounds  of  water  per  pound  of  coal  is  being 
evaporated.  If  a  foundry  is  equipped  with  a  powdered  coal 
plant  it  is  practical  to  fire  the  core  ovens  with  this  fuel. 

In  addition  to  the  fuel  saving  and  savings  effected  in 
decreased  oxidation  of  the  metal,  I  believe  a  saving  of  25 
per  cent  to  75  per  cent  in  labor  can  be  made.  A  more 
uniform  temperature  can  be  maintained  and  therefore  a  more 
uniform  product.  Core  ovens  and  steam  boilers  can  be 
equipped  with  a  thermostatic  control  and  the  heat  controlled 
as  easily  as  with  gas. 

Heretofore  the  small  foundry  could  not  use  powdered 
coal  for  annealing  owing  to  the  high  cost  of  an  installation 
compared  with  the  possible  savings,  but  now  it  is  practical 
for  even  the  small  foundry,  since  it  can  be  used  in  all  de- 
partments where  fuel  is  consumed. 

Feeding   and   Burning   Powdered    Coal 

No  matter  how  well  coal  is  dried  and  pulverized,  proper 
combustion  cannot  be  secured  without  a  uniform  feed  of 
coal,  thorough  carburization  with  air,  and  means  of  easily 
and  accurately  controlling  the  coal  and  air  supply.  Equip- 
ment has  been  perfected  which  overcomes  all  of  these  diffi- 
culties. 

Powdered  coal  has  a  tendency  to  pack  in  the  storage 
hopper,  especially  when  it  stands  a  few  days  before  burning, 
and  if  the  opening  in  the  hopper  bottom  is  too  small  the 
coal  will  arch  over  the  feed  screw  and  stop  the  fuel  supply. 
This  trouble  has  been  corrected  by  a  specially  designed  feed 


Digitized  by  VjOO^ IC 


Powdered  Coal  as  a  Fuel  m  the  Foundry  305 

screw  enclosed  in  a  cast-iron  hopper  bottom  with  a  large 
top  opening.  This  feed  worm  will  feed  throughout  its  full 
length.  The  coal  gradually  loosens  up  toward  the  discharge 
end  in  place  of  packing.  At  the  discharge  end  there  is  a 
revolving  disc  which  breaks  up  any  packing  of  coal  which 
might  take  place  along  the  feed  screw.  Packing  causes  an 
unsteady  feed  of  coal  and  a  pulsating  flame,  but  this  system 
eliminates  this  fault  and  produces  a  uniform  feed,  resulting 
in  a  steady  continuous  flame. 

The  coal  dust  is  delivered  into  a  mixing  chamber  con- 
nected to  a  low-pressure  air  line  where  it  is  mixed  with  the 
air  for  combustion  and  carried  to  the  carburetor  which  may 
be  from  3  to  100  feet  from  the  coal  control. 

The  air  is  supplied  by  a  low  pressure  blower,  at  about  3- 
ounce  pressure  and  enters  the  furnace  at  J4  to  3-ounce 
pressure,  depending  on  the  length  of  flame  desired.  By  hav- 
ing a  speed-change  box  connected  to  the  coal  screw  shaft  it 
is  possible  to  accurately  control  this  speed  which  in  turn 
controls  the  amount  of  coal  being  fed  to  the  air  line. 

The  air  supply  is  controlled  by  a  specially  designed 
air  gate  which  is  marked  to  correspond  with  the  number 
of  square  inches  the  gate  is  open.  In  addition  to  this  mark- 
ing, there  are  adjustable  markers  corresponding  to  the  coal 
screw  speeds;  these  markers  can  be  adjusted  so  that  the  coal 
and  air  are  synchronized  when  each  are  set  on  the  same 
number.  This  control  of  air  and  coal  is  very  simple  and  can 
be  handled  by  an  inexperienced  person  after  one  demon- 
stration. By  this  method,  the  markers  can  be  set  in  accord- 
ance with  the  carbon-dioxide  analysis  of  the  stack  or  by  an 
expert  combustion  man  after  which  a  laborer  may  operate 
the  apparatus  and  know  that  he  has  the  air  and  coal  propor- 
tioned correctly. 

The  Problem  of  Carburization 

The  coal  and  air  are  partly  carburized  while  traveling 
through  the  coal  carrying  line,  but  to  assure  complete  car- 
burization  the  coal  empties  into  a  carburetor  in  which  is 
placed  a  stationary  fan-like  mixer,  the  outlet  end  of  this 
carburetor  is  fan  shaped  which  causes  the  flame  to  spread 
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across  the  furnace  and  to  ignite  more  readily.  A  dust  cloud 
is  ejected  from  the  carburetor  through  a  nozzle  of  the  same 
shape  as  the  outlet  end  of  the  carburetor.  Every  particle  of 
coal  dust  is  surrounded  by  the  right  amount  of  air  for  com- 
bustion and  burns  in  a  steady,  continuous  flame. 

The  adaptation  of  powdered  coal  burners  to  different 
kinds  of  furnaces  varies  according  to  the  temperature  and 
class  of  work  to  be  done.  Some  flames  are  directed  hori- 
zontally and  others  down  or  upward.  A  nozzle  which  allows 
the  operator  to  control  the  flame  without  interfering  with 
the  coal  and  air  supply  has  been  perfected.  This  nozzle 
has  two  plates  which  can  be  raised  or  lowered  directing  the 
flame  up  or  downward  and  by  bringing  the  two  together,  the 
flame  can  be  lengthened.  The  success  of  the  furnace  some- 
times depends  upon  the  ability  of  the  operator  to  control  the 
fire  in  this  way. 

When  using  powdered  coal  the  efficiency  of  the  furnace 
does  not  depend  upon  the  draft  from  the  stack;  all  that  is 
required  from  the  stack  is  that  it  carry  off  the  burned  gases. 
This  means  a  great  deal  when  present  stacks  are  insufficient 
to  take  care  of  g^ate  and  stoker  fires  and  when  new  stacks 
are  being  built. 

There  have  been  many  kinds  of  pulverizers  developed, 
starting  with  burr  stones  and  bolting  cloth.  Later  rotary 
barrels  filled  with  balls  between  which  the  coal  was  ground 
were  used.  In  addition  to  this  equipment  it  was  necessary 
to  provide  elevating  and  conveying  machinery  to  handle  the 
pulverized  coal.  Grinding  rooms  were  frequently  dust-laden 
infernos.  The  inefficient,  crude  machines  of  the  early  days 
were  a  constant  expense  to  mill  owners  and  dust  polluted  air 
was  a  constant  injury  to  health  of  employes.  But  now  we 
have  the  roller  mill  with  air  separation  which  eliminates 
all  dust,  pulverizes  uniformly  at  a  low  cost  for  power  and 
repairs.  A  powdered  coal  plant  properly  installed  is  perfect- 
ly dustless  from  the  time  the  coal  is  fed  to  the  dryer  until  it 
is  burned. 

A  cubic  inch  of  coal  exposes  six  square  inches  of  sur- 
face for  the  absorption  and  liberation  of  heat  while  coal  pul- 
verized to  such  a  fineness  that  85  to  95  per  cent  will  pass 
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through  a  2(X)-mesh  test  sieve  divides  this  cubic  inch  into 
millions  of  minute  particles,  which  if  suspended  in  the 
atmosphere  and  surrounded  with  the  correct  amount  of  air 
to  complete  combustion  exposes  over  20  square  feet  of  sur- 
face. 

As  combustion  is  obtained  by  the  combination  of  the 
carbon  and  hydrogen  in  the  coal  with  the  oxygen  in  the 
air,  it  is  readily  seen  why  powdered  coal  can  be  burned  with 
such  a  saving;  every  minute  particle  is  surrounded  with 
exactly  the  right  amount  of  air  for  its  complete  combustion 
(it  requires  about  150  cubic  feet  of  air  to  burn  a  pound  of 
coal,  depending  on  the  quality  of  coal  used) ;  this  leaves  no 
waste  as  smoke  or  carbon  in  the  ash,  and  when  the  heat  is 
not  required,  the  flame  can  be  immediately  extinguished, 
thereby  avoiding  having  coal  burning  in  a  banked  bed,  as  is 
the  case  in  any  other  method  of  coal  burning. 

Economy  of  Powdered  Coal 

The  cost  of  fuel  of  any  kind  must  be  based  on  the  B. 
T.  U.  cost.  If  oil  costs  5  cents  per  gallon  and  contains 
19,000  B.  T.  U.  per  pound,  we  would  get  25,384  B.  T.  U. 
for  one  cent.  If  coal  costs  $5.00  per  ton  and  contains  13,000 
B.  T.  U.  per  pound,  we  would  get  52,000  B.  T.  U.  or  more 
than  twice  as  many  heat  units  from  coal  for  a  cent.  These 
comparisons  can  be  made  with  any  fuel  and  coal,  and  in- 
variably the  coal  will  be  bound  to  be  the  cheaper. 

Fuel  oil  and  natural  gas  fluctuate  in  price  and  tend 
to  become  more  expensive  as  demand  increases;  this  is  not 
true  to  any  great  extent  with  coal. 

When  burning  coal  on  a  grate  much  combustible  ma- 
terial drops  through  the  grates  mingled  with  the  ash  and 
goes  up  the  stack  in  smoke.  Also  when  the  fire  is  no  longer 
required  there  is  no  benefit  derived  from  the  coal  left  on  the 
grate.  It  is  not  possible  to  thoroughly  mix  the  air  with 
coal  on  a  g^ate,  even  when  burned  on  the  most  advanced 
chain  grates. 

Careful  experiments  show  that  in  the  average  fuel-bed 
nre  it  is  necessary  to  supply  at  least  40  per  cent  more  oxygen 


Digitized  by  VjOO^ IC 


308  American  Foundrymen's  Association 

or  air  than  is  actually  consumed  to  secure  perfect  com- 
bustion and  the  elimination  of  smoke.  When  fresh  fuel  is 
added  to  the  fire  the  excess  oxygen  is  used  for  the  moment 
to  burn  the  hydrocarbons ;  at  other  times  it  is  going  through 
unused  causing  the  metal  to  be  oxidized  or  the  temperature 
reduced.  If  the  air  supply  is  kept  lower,  there  is  not  enough 
oxygen  supplied  to  burn  the  carbon  or  hydrogen  when  fresh 
fuel  is  supplied;  more  heat,  however,  is  produced  but  at  a 
considerably  increased  cost  for  fuel  and  the  formation  oi 
volumes  of  black  smoke  with  its  many  well  known  objec- 
tions. 

These  faults  with  the  old  system  of  heat  generation  are 
overcome  when  powdered  coal  is  used,  as  the  air  and  coal 
can  be  kept  at  exactly  the  right  proportion  at  all  times  and  a 
steady  heat  produced ;  this,  in  addition  to  the  ability  to  direct 
the  heat  in  the  proper  direction,  accounts  for  the  savings 
which  are  being  made  by  using  powdered  coal  for  fuel.  Sav- 
ings are  being  made  in  fuel  and  labor  cost  of  from  10  to  40  per 
cent  over  hand  and  stoker  fired  furnaces  and  boilers  and  a^ 
high  as  62  per  cent  over  oil  burning  furnaces.  In  addition 
to  these  savings  there  is  a  saving  of  1  to  5  per  cent  in  oxida- 
tion loss  of  metals  in  metallurgical  furnaces,  and  production 
is  being  increased  15  to  25  per  cent.  I  believe  a  powdered  coal 
installation  will  save  its  cost  in  one  to  three  years. 

Kind  of  Coal  to  Use 

Coals  best  suited  for  burning  in  a  powdered  form  are 
those  rich  in  volatile  matter,  such  as  bituminous  and  semi- 
bituminous,  either  slack  or  run-of-mine.  The  slack  has  an 
advantage  over  the  run-of-mine  as  it  is  not  necessary  to 
crush  the  former  before  drying. 

The  following  analysis  represents  a  coal  which  has  been 
found  to  give  excellent  results  on  melting  furnaces : 

Per  Cent 

Fixed    Carbon    60.12 

Volatile  Matter  35.80 

Ash    3.08 

Moisture    1.00 

Sulphur     0.38 

B.  T.  U 14,650 
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Good  results  have  been  obtained  in  annealing  ovens  and 
steam   boilers   from  coal   of   the   following   analysis: 

Per  Cent 

Fixed   Carbon    53.26 

Volatile    Matter    29.00 

Ash    16.34 

Moisture     1.40 

Sulphur     1.80 

B.  T.   U 12,600 

Qualities  of  anthracite  lignite  and  peat,  as  well  as  the 
inferior  grades  such  as  anthracite  culm,  dust  and  slush,  and 
bituminous  and  lignite  slack  screenings  and  dust  are  all 
suitable  for  burning  in  pulverized  form,  for  certain  kinds  of 
work,  when  dried  and  properly  mixed  with  a  higher  volatile 
fuel. 

For  the  proper  igniting  and  burning  of  powdered  coal 
the  volatile  content  should  be  20  per  cent  or  more. 

In  the  ordinary  method  of  burning  coal  the  bed  of  solid 
incandescent  fuel  is  more  or  less  encumbered  with  ash  and 
clinker,  which  causes  a  varying  and  irregularly  distributed 
resistance  to  the  passage  of  air  and  causes  some  of  the  un- 
burned  coal  to  sift  to  the  ashpit  or  to  be  fused  in  with  the 
clinker. 

With  powdered  coal,  burned  in  suspension  these  difficul- 
ties disappear  excepting  getting  rid  of  the  incombustible  ma- 
terial. When  a  coal  containing  10  per  cent  ash  is  used  there 
is  200  pounds  of  refuse  to  be  disposed  of  for  each  ton  of 
coal  burned ;  about  30  pounds  of  this  goes  up  the  stack  in 
the  form  of  a  light  powder,  hardly  visible  at  the  top.  The 
balance  of  the  ash  settles  in  the  furnace  or  flues  and  in  high 
temperature  furnaces  melts,  forming  a  slag. 

By  the  proper  flue  arrangement  it  is  possible  to  take 
care  of  this  fine  ash ;  it  takes  about  one-quarter  of  the  labor 
which  is  necessary  to  take  the  ash  containing  much  unburned 
carbon  from  under  a  grate  or  stoker.  The  disposal  of  slag 
from  the  high  temperature  furnace  has  caused  much  more 
trouble.  When  most  ash  reaches  a  temperature  of  2300  de- 
grees Fahr.  it  melts  forming  a  slag,  and  is  liquid  at  2500 
degrees.  Most  attempts  to  dispose  of  this  slag  have  failed, 
because  it  chills  and  becomes  like  a  tough  wax  and  it  is 
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almost  impossible  to  get  rid  of,  unless  it  is  removed  from  the 
combustion  chamber  in  a  molten  state  without  allowing  cold 
air  to  come  into  contact  with  it.  Some  concerns  let  the  slag 
accumulate  for  several  days,  cool  the  furnace  off.  which 
makes  the  slag  brittle,  and  remove  it  with  sledges  and  bars ; 
this  method  not  only  interferes  with  production  in  the  plant, 
but  is  very  laborious  and  is  injurious  to  the  brickwork. 

This  problem  has  now  been  solved.  In  the  furnace  con- 
struction the  ash  is  melted  in  the  combustion  chamber  and 
dropped  through  the  bottom  in  small  drops,  as  slag,  into 
water  where  it  is  easily  removed,  either  by  raking  it  out 
with  a  hoe,  or  by  conveyor  or  elevator  when  much  coal  high 
in  ash  is  being  burned.  The  bulk  of  ash  in  this  form  is  less 
than  10  per  cent  of  that  which  would  be  taken  from  under  a 
grate  or  stoker  fire. 

Preparing  Powdered  Coal  for  Burning 

Although  not  necessary,  it  is  very  convenient  to  have  a 
large  coal  storage  near  the  pulverizing  plant.  Some  plants 
have  been  installed  where  a  storage  of  1000  tons  was  placed 
under  cover.  In  all  powdered  coal  installations  a  hopper  is 
supplied  with  capacities  ranging  from  a  few  hundred  pounds 
to  carloads.  Under  this  hopper  there  is  an  apron,  an  oscillat- 
ing plate,  or  a  belt  feeder  which  feeds  the  coal  from  the 
storage  room  hopper  onto  a  belt  conveyor.  In  the  case  of  a 
belt  feeder  the  belt  serves  as  the  conveyor. 

This  conveyor  carries  the  coal  over  a  magnetic  pulley 
which  extracts  the  tramp  iron,  such  as  pick  points,  railroad 
spikes  or  scraps  of  pig  iron  which  are  left  in  cars  when  un- 
loaded. This  is  done  to  protect  crushers  and  feeders  in  the 
preparation  system. 

From  the  belt-conveyor  the  coal  is  delivered  into  a 
single-roll  coal  crusher,  which  breaks  it  up  into  Ij^-inch  or 
smaller  pieces.  A  few  years  ago  screenings  from  coal  con- 
taining less  than  80  per  cent  lump  were  not  salable  but  with 
the  use  of  powdered  coal  and  stokers  this  condition  no  longer 
exists.  Many  of  the  mines  are  installing  crushers  to  meet 
the  steady  increase  in  demand  for  small  sized  coal.  In  some 
localities  it  is  possible  to  purchase  crushed  coal  but  in  others 
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it  is  necessary  to  install  a  crusher  to  do  this  work  at  the 
plant;  from  the  crusher,  the  coal  is  elevated  to  a  wet  coal 
storage  hopper  ranging  from  one  to  50  tons  capacity. 

It  is  good  practice  to  place  an  automatic  scale  over  the 
wet  coal  hopper  so  that  an  accurate  record  of  fuel  consump- 
tion can  be  kept.  The  coal  is  automatically  fed  from  the 
wet  coal  hopper  to  a  dryer.  To  secure  the  best  results  from 
powdered  coal  it  must  be  dried  to  less  than  1  per  cent 
moisture. 

This  is  an  item  of  cost  that  cannot  be  eliminated  regard- 
less of  whether  the  coal  is  burned  on  grates  or  in  suspension. 
When  undried  coal  is  fed  into  the  furnace,  the  moisture  (both 
free  and  combined)  is  evaporated  in  the  furnace  itself,  which 
means  an  added  quantity  of  coal  to  maintain  the  temperature 
which  is  reduced  several  degrees  for  each  1  per  cent  ot 
moisture  in  the  fuel.  As  this  cannot  be  overcome  by  feeding 
additional  fuel  with  the  same  percentage  of  moisture  the 
loss  of  heat  is  about  2  per  cent  for  each  per  cent  of  moisture. 

By  drying  the  coal  before  pulverizing,  the  cost  of  the 
operation  will  be  almost  saved  in  the  decreased  power  neces- 
sary for  pulverizing  and  in  the  improved  combustion  re- 
sulting from  the*  greater  degree  of  fineness  of  the  artificially 
dried  as  compared  with  moist  coal.  Moreover,  the  dry  coal 
will  readily  flow  and  give  less  trouble  through  tendency  to 
pack,  clog  and  adhere  during  the  process  of  grinding,  con- 
veying, storage  and  burning. 

The  Pulveriser 
From  the  dryer  the  coal  is  delivered  to  an  elevator  which 
discharges  into  a  1-ton  to  5-ton  storage  hopper;  from  this 
hopper  it  is  automatically  fed  to  a  pulverizer.  Powdered  coal 
must  be  pulverized  to  a  fineness  so  85  to  95  per  cent  will 
pass  through  a  200-mesh  test  sieve;  this  fineness  depends 
upon  the  type  of  furnace  to  be  fired.  When  coal  is  ground  to 
85  per  cent  passing  through  a  200-mesh  test  sieve,  about  95 
per  cent  of  this  coal  would  pass  through  100-mesh,  and  50 
to  60  per  cent  through  a  300-mesh.  The  most  efficient  and 
dustless  system  of  pulverizing  is  by  the  roller  mill  with  air 
separation.  This  system  delivers  the  coal  to  a  storage  bin 
without  the  use  of  elevating  and  conveying  machinery. 
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During  the  process  of  pulverization  the  coal  is  de- 
livered to  a  conveyor  or  a  storage  hopper  of  5  to  30  tons 
capacity  from  which  it  is  conveyed  to  hoppers  of  Yz  to  10 
tons  capacity  located  at  or  near  the  furnace.  There  are  two 
satisfactory  systems  for  conveying  the  powdered  coal, 
namely,  the  screw  conveyor  for  short  distances  and  the  high 
pressure  air  transport  system  which  conveys  the  coal  as  a 
solid  without  mixing  with  great  quantities  of  air. 

Pulverized  coal  should  always  be  handled  as  a  solid  and 
not  as  a  dust  cloud  when  it  is  to  be  conveyed  to  hopper« 
or  long  distances.  To  convey  it  by  large  portions  of  air 
insures  a  mixture  of  coal  and  air  which  is  somewhat  danger- 
ous, and  as  it  is  necessary  to  separate  the  coal  again  into  a 
solid,  this  system  is  apt  to  develop  leaks  and  cause  very 
dirty  surroundings.  The  requirement  of  velocity  in  the  air 
current  sufficient  to  float  the  coal  along  causes  an  expendi- 
ture of  power  greatly  in  excess  of  that  required  for  handling 
as  just  described. 

Powdered  coal  should  not  be  stored  more  than  two  or 
three  days  before  burning  as  it  absorbs  moisture  very  easily 
from  the  air.  This  fuel  has  been  stored  for  three  months  and 
burned,  but  much  trouble  was  caused  in  getting  it  out  of 
the  hopper  as  it  had  absorbed  moisture,  smoldered  and 
formed  a  coke-like  substance  which  interefered  with  the  feed- 
ing. With  the  proper  feeding  equipment,  a  good  fire  can  be 
secured  when  coal  has  stood  a  month,  but  this  is  not  good 
practice,  because  of  the  efficiency  lost  in  moisture  and  some- 
times in  the  spontaneous  combustion  of  the  coal.  It  should 
not  be  understood  that  it  is  dangerous  to  store  powdered 
coal  as  this  is  not  the  case ;  the  only  time  that  powdered  coal 
is  dangerous  is  when  it  is  in  huge  volumes  of  air  and  moving 
slowly.  Storage  capacity  is  supplied  for  24  hours  run  in 
most  installations. 

The  Cost  of  Powdered  Coal 
The  cost  of  preparing  powdered  coal  for  burning  runs 
from  $0.46  to  $1.00  per  ton  depending  on  the  amount  pulver- 
ized. The  cost  of  an  installation  runs  from  $18,000  to  $150,- 
000  according  to  the  capacity  and  number  of  the  furnaces 
to  be  fired. 
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Mr.  W.  H.  Fitch. — The  remark  was  made  about  three 
or  four  weeks  ago  that  one  could  not  melt  steel  in  an  open- 
hearth  furnace  and  iron  in  an  air  furnace  successfully  with 
pulverized  coal,  and  as  the  gentleman  in  question  is  an  engi- 
neer engaged  in  building  plants  and  advising  accordingly,  I 
think  those  who  know  differently  ought  to  combat  it.  We  are 
melting  iron  successfully  today  in  the  plants  of  one  of  our 
clients  and  have  melted  steel  in  open-hearth  furnaces  over  a 
period  of  four  years.  I  think  that  means  that  it  is  practical, 
to  say  the  least. 

Some  months  ago  one  of  the  malleable  companies  wanted 
a  modern  pulverizing  plant  to  operate  a  battery  of  annealing 
ovens.  Eventually  the  question  of  melting  iron  with  pulverized 
coal  came  up  and  we  applied  it  to  one  of  the  air  furnaces.  That 
furnace  is  in  service  now  producing  30  per  cent  more  now  than 
when  it  was  hand  fired.  The  quality  of  the  iron  is  first  class, 
and  all  the  labor  used  in  hand  firing  has  been  eliminated. 

We  took  the  grate  bars  out  of  the  furnace  and  made  it 
similar  to  an  open-hearth  furnace  above  the  floor  level,  obtain- 
ing 18  tons  per  heat  where  before  we  got  about  13  maximum. 
The  complete  cycle  is  made  in  about  two  hours  less  time  than 
with  hand  firing,  producing  about  36  tons  in  the  two  heats. 
The  average  fuel  ratio  is  41^  to  1.  We  have  got  as  high  as 
4.87  pounds  of  iron  to  a  pound  of  coal. 

The  condition  of  the  refractories  is  first  class;  in  fact, 
better  than  they  were  when  the  coal  was  hand  fired.  The 
saving  on  the  brick  work  compared  with  hand  firing  is  not 
known  definitely  but  is  estimated  to  represent  several  hun- 
dred dollars  per  annum. 

There  is  no  particular  difference  between  this  furnace  and 
hand  fired  furnaces,  except  that  the  grate  bars  are  removed, 
increasing  the  hearth  area.  There  are  two  burners  on  the  fur- 
nace in  which  the  coal  is  thoroughly  mixed,  the  combustion 
air  is  added  and  then  projected  into  the  furnace.  One  can  rest 
his  hand  on  the  burner  as  it  is  cool  at  all  times.  The  furnace 
is  about  250  feet  from  the  line  which  serves  the  large  muffle 
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furnaces.  Coal  is  pumped  to  the  pulverized  coal  bin  at  the 
melting  furnace  through  a  3^-inch  wrought  iron  pipe  in  much 
the  same  manner  as  water  is  handled,  so  far  as  velocity  is  con- 
cerned. 

Mr.  Fitch. — I  have  just  been  requested  to  say  a  few  words 
about  mixing  coal  dust  with  fuel  oil.  During  the  war  the  gov- 
ernment called  upon  us  to  do  some  work  in  this  connection  as 
applied  to  steaming.  For  several  months  a  steamer  was  operat- 
ed on  Long  Island  sound  in  making  these  experiments.  DiflFer- 
ent  mixtures  of  oil  and  coal  dust  were  made  and  applied  suc- 
cessfully. As  high  as  80  per  cent  of  coal  dust  in  a  gallon  of 
oil  was  reached  and  there  were  no  detrimental  effects. 

For  any  one  of  those  who  contemplate  the  use  of  different 
kinds  of  fuels  I  think  that  it  is  merely  a  question  of  how 
much  heat  can  be  obtained  for  a  dollar. 

Mr.  Enrique  Touceda. — I  think  Mr.  Arrowood  is  in  error 
in  thinking  he  can  reduce  the  annealing  time  to  18  hours.  A 
certain  length  of  time  is  required  to  bring  castings  up  to  tem- 
perature, while  they  cannot  be  held  at  temperature  for  much  less 
than  48  hours  in  commercial  practice.  Also,  the  castings  should 
not  be  cooled  from  temperature  at  a  rate  less  than  10  degrees 
per  hour.  There  seems  to  be  a  tendency  in  the  industry  to 
endeavor  to  shorten  the  anneal,  and  it  is  doing  a  great  deal  of 
harm.  I  believe  that  we  should  fight  any  such  propaganda 
as  that,  because  I  think  the  attempt  is  absolutely  in  the  wrong 
direction. 

Now  in  connection  with  the  quick  heating  of  the  oven 
to  temperature,  there  are  practical  propositions  to  consider  which 
if  taken  into  account  will  cause  trouble.  For  instance,  if  an 
oven  is  heated  to  temperature  in  15  hours,  the  rings  will  expand 
more  quickly  than  the  contents  within  it,  because  the  heat  cannot 
be  absorbed  by  the  contents  as  fast  as  by  the  metal  in  the  ring; 
the  result  is  that  as  the  rings  expand  the  packing  will  bleed  from 
the  upper  ones  to  those  lower  down,  and  in  extreme  cases  the 
castings  in  the  topmost  ring  will  be  found  to  be  unprotected 
by  packing. 

A  Member. — There  are  representatives  here  from  the  Mal- 
leable Casting  (  o.     I  should  like  to  hear  what  they  have  to  say 
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as  I  understand  the  company  now  is  melting  with  powdered 
coal. 

Mr.  a.  J.  Grindle. — At  a  recent  installation  we  had  19 
successful  heats  and  no  bad  ones.  Every  heat  was  hot  and 
each  took  a  little  shorter  time  than  the  preceding  one.  The 
first  took  7  hours  45  minutes  to  melt.  Last  Thursday  afternoon 
wc  ran  the  second  heat  in  a  small  furnace,  the  maximum  capaci- 
ty of  which  was  10  tons.  The  furnace  was  only  5  feet  wide 
inside  and  151^  feet  long  between  bridge  walls,  so  that  it  is  not 
fair  to  compare  this  furnace  with  a  large  one  which  can  melt 
12  or  possibly  25  tons.  On  the  first  heat  on  the  last  runs 
we  melted  a  heat  in  4  hours  25  minutes,  ready  to  tap.  It  took 
an  hour  and  five  minutes  to  take  the  heat  out  of  the  furnace  on 
account  of  the  small  number  of  molders  around  the  furnace. 
We  melted  8.142  tons  of  metal  with  approximately  590  pounds 
of  coal  per  ton.  The  percentage  of  pig  iron  was  43.  The  melt 
|>er  hour  was  1.48  tons.  The  carbon  was  2.44  per  cent,  silicon, 
0.92;  sulphur,  0.094;  and  manganese,  0.28.  We  thought  when 
we  started  the  furnace  that  we  were  likely  to  pick  up  the  sul- 
phur; therefore  we  built  the  furnace  extra  high  so  that  we 
could  get  good  combustion  before  we  heated  the  metal.  We  find 
it  runs  about  0.01  lower.  On  the  first  heat  on  the  next  day 
we  melted  9.29  tons  in  5  hours  25  minutes.  The  total  time 
on  that  heat,  was  6  hours  and  10  minutes  until  the  heat  was  out. 
We  had  41  per  cent  pig  iron  on  the  start  and  at  one  time  were 
down  as  low  as  35  per  cent  pig.  biit  we  found  it  advisable  to 
change  our  furnace.  The  furnace  is  equipped  so  that  we  can 
fire  coal  in  the  top  blast,  and  we  decided  to  take  the  coal  off 
the  top  and  use  only  air  here.  We  threw  ourselves  back  about 
a  week  on  the  results  that  we  had  been  getting,  but  we  found 
when  the  top  blast  was  on  the  pig  iron  went  up.  These  results 
were  obtained  when  using  air  and  no  coal  on  the  top.  The  coal 
we  were  using  analyzed  moisture,  2;  volatile,  37.43;  fixed  car- 
bon, 54.98;  and  ash,  5.9  per  cent.  The  sulphur  was  0.768  and 
the  British  thermal  unit  value,  13,605.  The  sieve  test  was: 
Two  hundred  mesh,  84  per  cent;  240  mesh,  80  per  cent,  and 
through  300  mesh,  56  per  cent. 
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Melting  in  An  Air  Furnace  with 
Fuel  Oil 

By  J.  P.  Pero,  East  St.  Louis,  111. 

I  have  been  unable  to  find  any  literature  bearing  upon  the 
use  of  fuel  oil  in  air  furnace  practice.  For  some  reason 
unknown  to  me  very  few  have  tried  or  at  least  adopted  oil  as  a 
fuel  in  air  furnace  melting.  I  have  tried  to  get  in  touch  with 
everybody  using  oil  for  this  purpose  in  order  to  present  the 
subject  as  thoroughly  as  possible,  but  have  been  able  to  get 
data  from  but  two  malleable  iron  foundries.  The  facts  pre- 
sented in  this  paper  embody  not  only  my  personal  experience 
but  in  its  essentials  describe  the  practice  of  two  other  malleable 
iron  manufacturers  who  have  been  very  successful  in  the  use  of 
fuel  oil  in  air  furnace  practice. 

For  a  number  of  years  I  considered  the  advisability  of 
using  oil  for  melting,  but  was  unable  to  get  any  information 
to  assist  me  in  the  various  details  of  furnace  construction  and 
operation,  until  about  three  years  ago  I  learned  that  the  Iowa 
Malleable  Iron  Co.,  Fairfield,  Iowa,  was  working  along  these 
lines  and  partly  by  collaborating  with  this  concern  and  partly 
by  the  adoption  of  my  own  ideas,  and  by  much  experiment  I 
succeeded  in  producing  most  excellent  results  in  every  essential 
except  in  economy  of  fuel  cost,  which  item  is  really  relative 
and  is  governed  by  the  comparative  cost  of  coal  and  oil  in  any 
given  locality.  Unfortunately,  the  relative  cost  of  the  two  fuels 
in  my  plant  was  such  that  the  actual  fuel  cost  of  coal  was  the 
cheaper  of  the  two.  With  a  knowledge  of  the  relative  cost  of 
oil  and  coal  in  your  locality,  you  can  from  the  data  given 
in  this  article  readily  determine  which  of  the  two  fuels  will  be 
most  satisfactory.  There  are  several  features  other  than  econ- 
omy of  fuel  cost  that  should  be  given  consideration  in  choosing 
between  the  use  of  coal  and  oil,  and  my  opinion  is  that  in  prac- 
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tically  every  essential   feature  of   furnace  practice  other  than 
the  cost  of  fuel,  oil  is  unquestionably  preferable  to  coal. 

Few  Disadvantages 

The  only  disadvantages  I  have  found  in  the  use  of  oil  as 
compared  with  coal  is  the  increased  cost  of  the  fuel  itself, 
which  item  will  vary  in  different  localities  according  to  the 
distance  from  the  sources  of  supply  of  the  different  fuels ;  for 
instance  in  a  locality  having  a  long  haul  on  coal  and  a  short 
haul  on  oil,  the  difference  in  fuel  cost  per  ton  of  iron  melted 
might  be  negligible. 

As  an  example,  the  Jewell  Steel  &  Malleable  Iron  Co., 
in  its  San  Francisco  plant,  found  that  oil  with  a  consumption 
of  65  to  66  gallons  per  ton  of  iron  melted  in  a  cold  furnace 
was  not  only  very  much  preferable  to  coal  but  absolutely 
cheaper,  due  to  the  fact  that  coal  is  abnormally  high  priced  on 
the  Pacific  coast  on  account  of  an  extremely  long  haul  while  oil 
was  delivered  on  a  very  short  haul.  In  my  plant  I  found  the 
fuel  cost  per  ton  of  iron  melted  by  oil  nearly  double  the  cost 
with  coal. 

In  addition  to  the  increased  cost  of  fuel,  the  only  disadvan- 
tage I  have  found  in  the  use  of  oil  is  excessive  oxidation  of  the 
carbon,  silicon  and  manganese  contents.  Just  at  this  time  when 
wc  are  paying  a  premium  on  pig  iron  with  a  high  silicon  con- 
tent, this  feature  is  a  disadvantage.  On  the  other  hand  the 
absorption  of  sulphur  is  so  slight  in  using  oil  that  it  is  possible 
to  use  a  high  sulphur  iron  which  can  always  be  bought  at  less 
than  market  price  ^or  standard  grade. 

Among  the  many  advantages  in  the  use  of  oil  are  positive 
control  of  the  melting,  rapid  melting,  much  lessened  cost  of  fur- 
nace repairs,  absence  of  cinders,  reduction  of  the  furnace  gang 
to  one  man  and  economy  in  coal  handling.  There  are  many 
minor  advantages.     I  have  named  only  the  principal  ones. 

In  controlling  the  melting  of  the  heat,  without  effort  other 
than  the  opening  or  closing  an  oil  valve,  or  the  admission  of  more 
or  less  air  from  the  blast,  the  melter  can  bring  about  almost  any 
results  he  desires.  I  have  seen  a  heat  of  14  tons  in  a  melting  cham- 
ber 21  feet  6  inches  long  and  6  feet  wide  solidify  after  having  been 
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melted,  due  to  an  accident  in  the  pipe  line,  and  in  five  hours 
after  starting  the  fire  again  the  heat  was  remelted,  hot,  and 
saved  by  the  use  of  ferrosilicon  and  ferromanganese.  This 
would  have  been  impossible  in  a  coal-fired  furnace.  We  com- 
monly melted  15  to  17-ton  heats,  charged  in  a  cold  furnace, 
in  4%  to  5  hours,  and  a  12  to  15-ton  afternoon  heat  charged 
in  a  hot  furnace  in  3J^  to  4  hours.  As  our  coal  is  unloaded 
from  the  car  at  a  point  from  which  the  fireman  throws  it  into 
the  furnace,  we  could  show  no  economy  in  handling  coal. 
You  can  readily  estimate  from  conditions  in  your  plant  and 
determine  whether  you  could  economize  in  this  respect,  as  well 
as  in  the  disposition  of  cinders  and  ashes. 

I  am  unable  to  furnish  data  on  the  comparative  cost  of 
repairs  as  it  is  our  custom  to  repair  each  furnace  every  week, 
or  after  12  heats,  in  order  to  have  each  furnace  repaired  in 
regular  rotation,  since  we  have  six  furnaces  in  one  of  our 
foundries.  But  we  know  positively  that  the  oil-fired  furnaces 
were  in  much  better  condition  on  repair  day  than  were  the  coal- 
fired,  and  they  undoubtedly  would  have  run  several  more 
heats   safely. 

One-Man  Furnace  Gang 

We  had  but  one  man  in  the  oil  furnace  gang.  He  very 
comfortably  took  care  of  the  skimming  and  loading  the  slag 
on  the  car,  as  well  as  the  tapping.  We  have  but  one  spout 
on  most  of  our  furnaces ;  but  on  a  few  of  them  there  are  two 
spouts.  Our  furnacemen  were  so  pleased  with  the  oil  furnaces 
that  there  was  a  bitter  rivalry  among  them  to  work  on  them 
in  preference  to  the  coal-fired.  Under  present  labor  condi- 
tions, this  feature  is  one  whose  value  in  dollars  and  cents 
cannot  be  estimated. 

I  regret  that  owing  to  lack  of  time,  due  to  additional 
duties,  I  have  taken  on  for  the  past  few  months,  I  have  been 
unable  to  embody  in  this  paper  a  sketch  of  the  principal  dimen- 
sions of  my  furnaces,  but  will  try  to  describe  them  so  that 
they  may  be  readily  understood.  Our  furnaces  are  21  feet  6 
inches  long  between  front  and  back  bridge  walls,  and  6  feet 
wide.     Our  bungs  have  a  9-inch  spring  to  the  arch.     We  made 
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no  change  in  the  back  bridge  wall.  In  getting  the  lines  of 
the  furnace  we  started  at  the  skimming  doors  for  a  level. 
After  having  torn  down  the  front  bridge  wall  to  a  point  2  inches 
above  the  level  of  the  skimming  door,  we  filled  up  the  old  fire 
box  with  brick  bats  placed  on  top  of  the  grates.  Our  combus- 
tion chamber  occupied  the  space  over  the  former  fire  box  and 
extended  to  a  point  10  feet  from  the  front  bridge  wall,  the 
opening  at  the  firing  end  extending  to  the  end  plate  of  the  fur- 
nace, and  at  this  end  the  bottom  of  the  combustion  chamber  was 
about  24  inches  above  the  level  of  the  new  front  bridge  wall,  or 
about  26  inches  above  the  level  of  the  skimming  door.  The 
bottom  of  the  combustion  chamber  was  made  of  silica  sand  and 
sloped  in  a  straight  line  from  the  firing  end  to  the  front  bridge 
wall.  The  opening  at  the  firing  end  was  16  inches  wide  and 
20  inches  high,  into  which  was  inserted  the  blast  pipe  which  at 
the  opening  was  13  inches  square,  and  upon  top  of  which  the 
burner  was  placed.  A  14-inch  diameter  blast  pipe  furnished  the 
air.  It  was  controlled  by  a  slide  valve.  In  addition  we  used 
our  regular  top  blast,  through  the  regulation  of  which  we 
secured  air  necessary  for  complete  combustion.  The  side  walls 
of  the  combustion  chamber  were  30  inches  above  the  front 
bridge  wall  and  ran  in  a  straight  line  to  a  point  20  inches  above 
the  bottom  of  the  chamber  at  the  firing  end.  In  other  words, 
the  combustion  chamber  was  the  width  of  the  furnace,  6  feet 
at  the  bridge  wall,  and  30  inches  high  on  the  sides,  with  an 
additional  height  of  9  inches  resulting  from  the  arch  spring 
in  the  center  of  the  bungs;  it  gradually  narrowed  to  a  width 
of  16  inches,  and  a  height  of  20  inches  on  the  side  walls, 
with  an  additional  height  of  the  spring  of  the  arch  in  the  center 
of  the  bungs.  The  side  walls  were  12  inches  above  the  back 
bridge  wall,  gradually  sloping  in  a  straight  line  between  these 
points.  We  made  no  change  in  the  lines  of  the  furnace  be- 
tween back  bridge  wall  and  stack.  The  oil  was  pumped 
through  a  registering  meter  to  the  burner  by  a  direct  connected 
centrifugal  pump,  at  a  pressure  of  12  to  14  pounds  after  being 
heated  to  100  or  110  degrees  Fahr.  It  was  atomized  by  com- 
pressed air,  or  superheated  steam  at  a  pressure  of  25  to  35 
pounds. 
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We  learned  that  we  could  regulate  the  blast,  both  direct 
and  top,  more  effectively  from  the  appearance  of  the  gas  than 
by  any  fixed  rule,  and  also  learned  that  much  less  air  was 
used  than  in  burning  coal. 

Accompanying  this  paper  are  given  data  on  the  construction 
and  operation  of  furnaces  in  three  different  plants.  The  table 
follows : 

Mo.  Iowa  Jewell 

,      ^  Mall.  Mall.  Mall. 

1. — Length    of     furnace    between 
front   and    back   bridge    wall, 

feet  and   inches 21-6  22-6  21-6 

2.— Width  of  furnace  inside,  feet 

and  inches   6-0  5-10  5-9 

3.— Capacity  in  tons 12  to  17  12  to  15  1 1  to  15 

4. — Length   of   combustion   cham- 
ber    from     burner     to     bath, 

feet    and    inches 10-0  8-1  l|-0 

5. — Width    of    combustion    cham- 
ber   at    burner,    inches 16  14  13 

6.--Width    of    combustion    cham- 
ber  at   connection   with   bath, 

feet  and  inches   6-0  4-7  5-9 

7. — Depth    of    combustion    cham- 
ber    on     skew-back     line     at 

burner,   inches    20  14  14 

8. — Depth    of    combustion    cham- 
ber    on     skew-back     line     at 

front    bridge,    inches 30  Sij/j  20 

9.— Gravity   of   oil 26-30  26-30  Not  known 

10. — Temperature    of    oil,    degrees 

Fahr lOOtollO        150  180 

11— Atomizing  pressure,  pounds..   25  to  35        Not  given         15 
12. — Diameter     main     blast     pipe, 

inches     14  14  Not  given 

13.— Diameter      top      blast      pipe, 

inches    9  10  7 

14.— Number   of    outlets    top    blast  2-2  in.  and 

pipe    6  5  4-3  in. 

15.— Diameter  of  outlets  top  blast 

pipe,  inches    3  4  See  above 

16.— Volume     of     blast     in     main 

pipe,  cubic   feet  per  minute. .  Unknown     3500  3200 

17.— Size  of  melt,  tons 12  to  17  12  av.  7  to  11 

18. — Time    of    melt    cold    furnace,  Av.  2  tons 

,«     {JS"" 4j^to5  4  perhour 

19.— Time    of    melt    hot    furnace,  1  heat  per 

hours     3^2  to  4  314  day 

20. — Oil    consumption    per    ton    of 

iron    melted,    gallons 70  to  75  60  to  66         65  to  66 

o,      ^   .  Percent 

21. — Oxidation     of     carbon,     cold 

furnace    0.50  to  0.60    25  to  30  0.70 


Digitized  by  VjOO^ IC 


Melting  in  Air  Furnace  with  Fuel  Oil 


321 


Mo.  Iowa  Jewell 

Mall.  Mall.  Mall. 

22. — Oxidation  of  carbon,  hot  fur- 
nace     0.40  to  0.50    25  to  30  

23. — Oxidation     of     silicon,     cold 

furnace   0.40  to  0.50    25  to  30  0.50  to  0.60 

24. — Oxidation  of  silicon,  hot  fur- 
nace     0.30  to  0.40    25  to  30  

25. — Oxidation  of  manganese,  cold 

furnace    0.35  to  0.40    35  to  40  0.36 

26. — Oxidation  of   manganese,  hot 

furnace    0.30  to  0.35    35  to  40  

27. — Gain  in  sulphur  content Not  appre- 
ciable None  None 

28. — Cost  of   repairs  as   compared 

with  the  same  furnace  work-  Consider-       Less 

ing    coal    fired Much  less     ably  less 

I  take  this  opportunity  to  express  my  thanks  to  the  Iowa 
Malleable  Iron  Co.  for  information  and  co-operation  given  me 
during  my  early  experiments  and  for  data  given.  I  also  thank 
the  Jewell  Steel  &  Malleable  Co.  for  data  given.  I  sincerely 
hope  and  believe  that  in  the  near  future  there  will  be  evolved 
a  plan  by  which  fuel  oil  will  be  economically  used  in  air  furnace 
practice. 
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The  Refining  of  Cupola  Malleable 
Iron  in  the  Electric  Furnace 

By  A.  W.  Merrick,  Schenectady,  N.  Y. 

The  American  or  blackheart  malleable  cast  iron  produced 
in  this  country  is  usually  melted  in  air  (or  reverberatory), 
open-hearth  or  cupola  furnaces.  Either  of  these  types  of  fur- 
naces offer  certain  inherent  advantages  and  disadvantages,  but 
as  it  is  with  the  last  named  that  we  are  to  deal  in  this  paper, 
the  discussion  will  be  limited  to  this  one  method  of  melting. 

Its  advantages  are  briefly  as  follows:  Low  initial  invest- 
ment; low  cost  of  operation,  upkeep  and  repairs;  intermittant 
or  continuous  operation  which  gives  a  great  flexibility  of  capa- 
city; high  melting  ratio  of  iron  to  fuel;  and  ability  to  melt 
high  percentages  of  cast  iron  and  steel  scrap  without  the  con- 
sequent lowering  of  the  carbon  content  which  would  necessarily 
follow  in  either  of  the  other  two  types  of  furnaces.  From  the 
foregoing  it  will  be  seen  that  the  cupola  will  produce  molten 
cast-iron  at  the  spout  cheaper  than  any  other  type  of  furnace, 
and  this  fact  is  universally  conceded  by  all  authorities. 

There  are,  however,  certain  disadvantages  in  cupola  melt- 
ing as  applied  to  cast  iron  in  general  and  malleable  cast  iron  in 
particular.  First,  the  sulphur  absorbed  from  fuel  is  higher 
with  this  process  than  either  of  the  others.  Secondly,  it  is 
not  possible  to  produce  an  iron  of  a  low  carbon  content,  which 
with  malleable  iron  limits  one  to  the  production  of  castings  of 
very  light  section.  This  is  due  to  the  fact  that  the  melting 
stock,  being  in  intimate  contact  with  the  incandescent  carbon 
of  the  fuel,  absorbs  carbon  so  readily,  that  with  the  constant 
silicon  aimed  for  in  malleable  iron,  a  practically  saturated  con- 
dition is  reached  so  that  with  other  conditions  equal,  the  car- 
bon is  never  very  far  either  above  or  below  a  fixed  point. 
This  holds  good  even  where  the  percentage  of  steel  in  the 
charge  is  varied  considerably.  Thirdly,  cupola  iron,  especially 
on  long  heats,  is  liable  to  quite  a  variation  in  temperature  and 
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composition.  The  latter  evil  is  especially  aggravating  in  mal- 
leable work  where  the  importance  of  keeping  the  two  elements 
sulphur  and  manganese,  in  a  proper  relationship  is  well 
recognized. 

Used  as  a  Mixer 

In  order  to  overcome  these  last  two  disadvantages  we 
might  utilize  some  sort  of  a  mixer  that  would  act  as  a  reservoir 
and  by  holding  a  given  quantity  of  metal  allow  it  to  become 


FIG.    1— RiaULTS   OBTAI.NED    WITH    TEST   WEDGES   OF    LOW    MANGANESE    IRON 

constant  in  temperature  and  composition.  The  difficulty  with 
this  plan,  is  of  course,  that  the  temperature  of  the  molten 
metal  would  be  constantly  lowering  unless  some  external  source 
of  heat  were  applied,  so  that  the  question  narrows  itself  down 
to  just  what  this  source  of  heat  would  be.  The  electric  fur- 
nace, at  once  suggests  itself  as  ideal,  for  in  addition  to  supply- 
ing the  heat  needed,  it  will  also  allow  the  removal  of  the 
greater  part  of  the  sulphur  by  use  of  a  proper  slag.  Not  only 
this,  but  it  will,  in  addition,  allow  an  iron  of  any  carbon  con- 
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lent  to  be  made  by  the  means  of  additions  of  either  cold  or 
liquid  steel,  so  that  compositions  of  any  range  of  carbon  and 
silicon  can  be  made  and  any  castings  of  sections  practicable  in 
malleable  iron  may  be  poured. 

The  advantages  of  such  a  duplex  process  are  readily  ap- 
parent to  anyone  familiar  with  the  production  of  cupola  mal- 
leable iron.  Cupola  iron  is  especially  suitable  for  castings  of 
light  section,  such  as  pipe  fittings,  etc.  In  the  latter  case  where 
an  iron  high  in  carbon  is  desirable,  because  of  the  greater  ease 
of  threading  the  fittings  this  process  should  recommend  itself 
immediately.  In  addition  to  the  advantages  previously 
enumerated  it  would  permit  the  annealing  of  the  white  iron  at 
a  considerably  lower  temperature  than  is  practicable  with  a 
high  sulphur  iron,  such  as  is  ordinarily  produced  in  the  cupola. 

Results  of  Experiment 

In  order  to  determine  how  far  it  is  possible  to  reduce  the 
sulphur  in  cupola  iron  in  a  reasonable  length  of  time  by  this 
process,  some  sprues  and  scrap  were  obtained  from  a  manu- 
facturer of  cupola  malleable  iron  and  melted  in  a  small 
Heroult  electric  furnace.  The  material  had  the  following  com- 
position :  Silicon,  0.65  per  cent ;  manganese,  0.53  per  cent ; 
phosphorus,  0.143  per  cent;  sulphur,  0.20  per  cent,  and  carbon, 
3.06  per  cent.  This  analysis  was  supplied  by  the  firm  which 
furnished  the  scrap  and  was  given  as  the  average.  No  attempt 
was  made  to  check  it  due  to  the  difficulty  of  securing  an 
average  sample  of  material  of  this  nature. 

The  scrap  was  melted  bare  in  the  furnace  and  then  a 
basic  slag  of  lime  thinned  with  spar  was  put  on.  Finely  ground 
petroleum  coke  was  sprinkled  over  the  slag  to  reduce  all  oxides 
throwing  the  metals  back  into  the  bath,  the  slag  turning  a 
creamy  white  color,  indicating  the  completeness  of  these  re- 
actions. Calcium  carbide  is  formed  in  the  slag  as  is  evidenced 
by  the  pronounced  odor  of  acetylene  when  such  a  slag  is  moist- 
ened in  water.  A  slag  of  this  character  will  readily  absorb 
sulphur  from  the  bath  and  while  the  reactions  require  some 
time  for  completion,  the  practical  elimination  of  the  sulphur  i<: 
very  rapid. 
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Accordingly,  15  minutes  after  the  slag  was  made  a  sample 
was  taken  for  analysis,  with  the  following  results:  Silicon, 
0.57  per  cent;  manganese,  0.54  per  cent;  sulphur,  0.057  per 
cent;  and  carbon,  3.36  per  cent. 

Note  the  reduction  of  sulphur  which  is  very  striking  when 
it  is  considered  that  the  sample  was  taken  just  15  minutes  after 
the  formation  of  the  slag.    There  is  something  further  of  note, 


FIC.   2— STRUCTURE   OF  CENTKR   OF  TEST   BAR   .\T  70   DIAMETERS 

namely  the  retention  of  the  manganese.  This  element  is  readily 
oxidized  in  the  cupola  and  it  is  customary  to  run  the  mixtures 
very  high  in  manganese  to  take  care  of  what  is  burnt  out  in 
melting  and  still  leave  enough  for  the  high  sulphur  that  is  ob- 
tained. With  the  electric  furnace,  no  speigeleisen,  ferroman- 
ganese,  or  high  manganese  pig  is  necessary,  and  in  fact,  as  will 
be  later  shown,  the  mixtures,  to  get  best  results,  would  have  to 
be  kept  low  in  this  element.  As  was  mentioned  before,  the 
analysis  before  melting  was  supposed  to  represent  the  average 
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so  that  the  slight  difference  of  silicon  obtained  need  not  be  con- 
sidered. The  carbon,  however,  seems  to  have  increased,  but 
there  is  a  possibility  of  doubt  here,  as  3.06  per  cent  seems 
rather  low  for  cupola  iron  in  the  first  place.  Then  again,  when 
carrying  a  refining  slag  on  low  carbon  steel,  which  is  greedy 
for  carbon,  the  increase  due  to  additions  of  coke  to  the  slag  are 
so  small  as  to  be  negligible. 

At  the  same  time  the  sample  was  poured  for  analysis,  a  set 
of  test  bars  was  poured  and  after  cooling  the  bars  were  broken 
and  fractures  examined.  The  bar  ^-inch  in  diameter  was  clear 
white  and  the  lj4-inch.  bar  nicely  mottled  so  that  the  composi- 
tion seemed  all  right  for  the  class  of  material  under  considera- 
tion. A  set  of  test  bars  and  wedges  for  annealing  was  then 
poured. 

Steel  and  Ferrosilicon  Added 

In  order  to  obtain  iron  more  suitable  for  work  of  a  heavier 
section,  some  steel  and  ferrosilicon  in  calculated  amounts  were 
added  to  the  bath.  The  calculation  was  based  on  the  3.08 
per  cent  of  carbon  as  supposed  to  have  been  in  the  original  ma- 
terial but  as  it  was  actually  higher  in  carbon  the  result  was 
higher  than  desired.  However,  it  was  near  enough  for  the 
purpose,  to  illustrate  the  possibility  of  producing  an  iron  of  a 
lower  carbon  than  is  ordinarily  obtained  in  the  cupola.  The 
actual  analysis  is  given  as  follows:  Silicon,  0.75  per  cent; 
manganese,  0.53  per  cent;  sulphur,  0.036  per  cent;  and  carbon, 
2.90  per  cent. 

It  is  interesting  to  note  in  passing  that  the  analysis  ob- 
tained was  exactly  that  expected,  taking  into  considera- 
tion the  actual  first  analysis,  and  the  analysis  and  amounts  of 
the  additions.  Anyone  who  has  had  experience  in  adding  ferro- 
silicon to  an  air  furnace  where  a  strongly  oxidizing  condition 
prevails,  to  bring  up  the  silicon,  can  appreciate  this.  The  sul- 
phur is  still  lower  in  this  sample,  which  can  be  attributed  to  the 
further  refining  of  the  slag,  for  even  had  the  steel  contained  no 
sulphur  the  resultant  would  have  only  been  0.045  per  cent, 
had  the  slag  not  absorbed  more  from  the  bath. 

Test  bars  of  this  composition  were  poured  and  both  sets 
of  bars  were  subsequently  sent  to  the  firm  that  supplied  the 
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scrap  for  annealing.    They  were  packed  in  the  second  pot  from 
the  bottom  and  placed  in  about  the  middle  of  the  oven. 

The  examination  of  the  bars  after  annealing  showed  that 
the  metal  was  inclined  to  be  rather  "short"  and  that  it  lacked 
toughness.  This  might  easily  be  expected  when  the  high  man- 
ganese, low  sulphur  composition  is  taken  into  consideration. 
The  fractures  viewed  with  the  eye  looked  like  typical  black- 
heart  iron  with  the  exception  that  the  rim  of  ferrite  is  heavier 


FIG.   3— 8TRUCTUHE   OF   RIM   OF   TEST  BAR   AT   320   DUMETERS 

than  usual.  Under  the  microscope,  however,  we  find  that 
the  structure  consists  of  a  rim  of  ferrite  and  the  interior  a 
matrix  of  ferrite  and  pearlite  embedded  with  temper  carbon, 
instead  of  a  pure  ferrite  matrix,  characteristic  of  good  black- 
heart  iron. 

Sulphur  Eliminated 

As  it  was  impossible  to  obtain  any  low  manganese,  high 
sulphur    cupola    iron    without    making    it    especially    for    our 


Digitized  by  VjOOQ IC 


328  American  Foundrytnen's  Association 

purpose,  a  mixture  of  gray  scrap,  washed  metal  and  steel  was 
melted  to  give  a  composition  approximately  that  obtained  by 
refining  a  cupola  iron  high  in  sulphur  but  low  in  manganese. 
Bars  were  cast  from  this  heat  as  previously  and  annealed.  The 
composition  was  similar  to  the  first  lot  prepared  except  that 
the  manganese  was  0.14  per  cent  and  the  sulphur  0.009  per 
cent.  In  this  case  where  the  sulphur  was  low  to  start  with,  it 
had  practically  been  eliminated  by  the  action  of  the  slag  in  the 
furnace. 

These  bars  after  annealing  were  quite  a  lot  better  than 
those  first  prepared,  containing  manganese  over  0.50  per  cent. 
The  test  wedges  could  be  curled  up  more,  as  is  shown  in  Fig.  1. 
The  tensile  strength  of  this  composition  is  from  38,000  to 
40,000  pounds,  but  the  elongation  in  2  inches  is  only  3.5  per 
cent.  The  molding  was  bad  and  these  were  very  defective 
looking  bars.  The  bars  when  polished  and  etched,  showed  an 
improved  structure  over  the  first  set  but  still  show  some  pearlite 
in  the  rim,  although  the  center  of  the  bar  shows  the  typical 
blackheart  structure.  This  is  shown  in  the  photomicrographs 
Figs.  2  and  3. 

The  conclusion  to  be  drawn  from  this  result  is  that  evi- 
dently there  is  still  too  great  an  excess  of  manganese  present 
for  the  low  sulphur  and  some  further  work  is  planned  to 
verify  this. 

Conclusions 

Among  the  conclusions  which  the  author  arrived  at  are 
the  following: 

1 — The  cupola  is  the  cheapest  method  for  producing 
molten  cast  iron,  but  the  process  has  several  inherent  disad- 
vantages that  have  limited  the  use  of  cupola  malleable  to  work 
of  light  sections.  It  produces  iron  high  in  sulphur,  and  variable 
temperature  and  composition. 

2. — The  electric  furnace  is  capable  of  refining  this  iron, 
reducing  the  sulphur  to  a  negligible  amount  and  superheating 
the  metal  to  any  desired  degree  without  any  further  altering  of 
composition. 
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3. — Such  a  process  as  described  will  permit  iron  of  any 
carbon  and  silicon  desired  to  be  made  by  the  proper  additions 
of  steel  and  ferrosilicon  to  the  bath. 

4. — Where  this  duplex  process  is  used,  the  amount  of  scrap 
used  in  the  cupola  can  be  increased  and  the  fuel  decreased  as  it 
would  not  be  necessary  to  have  the  iron  as  hot  as  is  the  prac- 
tice when  poured  direct  into  the  molds. 

5. — The  mixtures  would  have  to  be  kept  low  in  manganese, 
no  high  manganese  pig  or  spiegeleisen  would  be  used  and  it 
is  believed  that  by  using  low  manganese  scrap  the  amount 
of  manganese  burned  out  in  the  cupola  would  lower  this  ele- 
ment to  the  point  desired.  This  will  have  to  be  worked  out 
definitely  in  the  future. 

6. — As  to  costs,  no  figures  can  be  given  as  the  process  is 
not  believed  to  be  in  operation  as  specifically  outlined  in  this 
paper.  However,  the  power  required  ought  not  be  more  than 
150  to  200  kilowatt  hours  per  ton  on  molten  metal  from  the 
cupola  and  with  continuous  operation,  the  labor  charges  should 
not  be  excessive.  These  costs  would  be  offset  by  the  lower  cost 
of  melting  stock,  reduced  amount  of  coke  used  in  melting  and 
the  lower  temperature  of  the  annealing  ovens  for  the  annealing 
of  such  low  sulphur  iron. 
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Relation  Between  Machining  Qualities 

of  Malleable  Castings  and 

Physical  Tests 

By  Edwin  K.  Smith  and  William  Barr,  Milwaukee 

During  the  past  year  or  so,  there  has  been  considerable 
discussion  of  the  machining  qualities  of  malleable  castings. 
At  the  same  time  there  has  been  a  decided  tendency  toward 
raising  the  physical  characteristics,  especially  the  tensile 
strength  and  elongation.  This  naturally  has  brought  up  the 
question:  "What  effects  have  the  higher  physical  properties 
had  on  machinability  ?"  There  are  wide  differences  of 
opinion  in  regard  to  this,  and  as  the  subject  is  of  importance 
to  manufacturers,  as  well  as  to  users  of  castings,  it  seemed 
advisable  to  collect  the  available  data,  in  order  to  present  at 
least  a  preliminary  report  at  this  time.  On  getting  in  touch 
with  various  foundries,  it  became  evident  that  there  are  two 
general  opinions,  and  that  practically  every  concern  has  a 
strong  leaning  toward  one  or  the  other  of  these  opinions. 

One  set  maintains  that  machinability  is  practically  in- 
dependent of  physical  characteristics,  and  that  castings  show- 
ing high  tensile  strength  and  elongation  machine  quite  as 
well  as  those  with  lower  physical  properties.  The  other 
group  feels  equally  strongly  that  in  certain  lines  of  work, 
where  extremely  high  strength  is  not  necessary,  greater 
ease  and  speed  of  machining  can  be  obtained  by  using  a 
metal  with  lower  physical  characteristics.  There  is  no  ques- 
tion as  to  what  metal  to  make  when  great  strength  is  the 
prime  requisite. 

There  is  little  literature  on  this  subject.  A  paper  pre- 
sented at  the  American  Foundrymen's  association  conven- 
tion in  Boston  in  1917  recommends  the  manufacture  of  mal- 
leable with  high  characteristics,  but  admits  ,that  with  such 

The  column  in  Tables  I,  H  and  IV  narked  "Decarb"  glfes  the  depth  to  whidi  tht 
carbon  was  burned  out  in  the  anneal.  FYom  these  preliminary  eiperiineDts.  ve  were  not  ablt 
to  find  any  relation  between  depth  of  decarbonised  rim,  and  macbtnabUltjr,  but  we  bellete  that 
this  fuggeftlon  is  well  worth  further  lorestigatlon. 

330 
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extra  good  material,  the  user  may  have  to  increase  the 
strength  of  his  machine  tools,  and  decrease  the  cutting 
speed. 

Another  noted  authority  wrote:  "In  looking  over  these 
records,  it  is  only  fair  to  consider,  that  included  in  them 
are  bars  from  concerns  in  which  high  strength  and  ductility 
have  been  sacrificed,  in  order  to  secure  such  a  character  of 
metal,  as  would  machine  with  the  greatest  ease,  this  property 
in  these  particular  cases  being  the  predominating  require- 
ment." Also  "One  thing  is  certain,  that  as  in  the  case  of 
steel,  the  malleable  iron  casting  that  machines  most  kindly, 
is  as  a  rule,  the  one  poorest  in  physical  properties." 

Theoretically  it  would  seem  probable  that  a  high  tensile 
strength  in  any  metal,  would  increase  difficulty  in  machin- 
ing, if  we  consider  that  the  tensile  test  consists  of  tearing 
apart  the  particles  of  iron,  until  the  bar  is  fractured,  and 
that  a  good  part  of  the  action,  of  any  cutting  tool,  consists  in 
a  similar  tearing  apart  of  the  particles  of  iron. 

Results  of  Questionnaire 

In  order  to  obtain  the  ideas  of  those  whose  experience 
would  qualify  them  as  judges,  we  wrote  a  number  of  mal- 
leable foundries,  and  the  replies  showed  considerable  differ- 
ence of  opinions.     A  few  quotations  will  suffice: 

1. — "Very  high  tensile  strength  and  higli  elongation 
malleable  machines  quite  well." 

2.— "Iron  of  50,000  or  55,000  pounds  tensile  strength. 
with  elongation  12  to  15  per  cent  is  easily  machined;  100 
per  cent  of  this  iron  is  machined  at  high  speed — without  the 
least   trouble." 

3. — "There  is  no  quesion  but  that  very  high  tensile  mal- 
leable iron  will  not  answer  for  the  small  castings  on  which 
a  great  deal  of  finishing  is  done — where  the  quantity  finished 
per  hour  is  a  matter  of  prime  importance.  High  tensile  ma- 
terial is  a  necessity  for  car  work." 

4. — "Unless  we  were  able  to  do  this  (vary  our  mixture)  our 
tool  co»t  for  machining  these  castings  would  in  some  cases 
be  enormously  increased." 

It  is  rather  significant  that  the  product  of  manufacturers 
of  light  castings,  especially  those  extensively  machined, 
as  a  rule  averages  considerably  lower  in  physical  tests,  than 
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that  of  makers  of  heavy  castings,  although  both  classes  of 
castings  give  excellent  results  in  service. 

It  is  particularly  noticeable  that  the  majority  of  con- 
cerns which  both  make  and  machine  certain  lines  of  small 
castings,  prefer  a  metal  of  medium  low  test,  as  they  find 
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FIG.    1— END   VIEW   OF   MACH INABILITY    TESTING    DEVICE 
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that  the  strength  of  this  metal  is  ample,  and  machining 
qualities  superior. 

In  view  of  the  foregoing  opinions,  it  seems  obvious  that 
there  is  need  of  some  definite  method  for  determining  a 
machinability  figure.  It  has  been  amply  demonstrated  that 
none  of  the  methods  for  determining  "hardness"  gives  any 
idea  of  machinability  of  malleable  castings. 

As  by  far  the  greatest  part  of  the  difficulty  with  high 
speed  machining  has  been  with  the  threading  operations,  we 
have  endeavored  to  devise  an  apparatus  to  give  a  machin- 
ability figure,  based  on  threading.  We  simply  used  an 
engine  lathe,  as  indicated  in  Fig.  1.  The  pieces  first  tested 
were  the  standard  ^-inch  tensile  strength  bars,  with  one  end 
sawed  off.  The  remaining  large  end  was  held  in  the  chuck. 
A  standard  die  was  held  in  a  stock,  and  was  forced  on  the 
^-inch  end  of  the  test  bar.  To  one  end  of  the  die  stock  was 
attached  a  rather  accurate  spring  scale.  When  the  chuck 
was  revolved,  a  5'^-inch  thread  was  cut  on  the  bar,  and  the 
pull  required  to  cut  this  thread  was  of  course  registered 
on  the  scale.  Giving  the  scale  readings  it  is  of  course 
simple  to  calculate  the  actual  pull  on  the  die  in  cutting. 

Samples  were  obtained  to  cover  the  range  of  42,000  to 
52,000  pounds  tensile  strength  per  square  inch.  Table  I 
gives  results  of  the  first  series.  The  speed  was  27  revolu- 
tions per  minute;  die,   U.   S.   Standard   ^-inch. 

Table  I 

First  Machine  Test 

No.  Decarb.       Tensile  Elas.       Elongation  Lbs. 

Depth       Strength         Limit         Per  Cent  Actual 

S  0  40560  33333  7.0  794 

1  47680  36220  7.0  843 

N5.15-6  1/64  48000  35330  9.5  843 

22  48295  34590     •       9.0  870 

121  49490  12.0  952 

NS.13-5  2/64  51870  37330  18.0  963 

31425  4/64  46620  34380  7.5  979 

U  3/64  50650  34950  11.5  1224 

16  54320  10.0  1360 

These  bars  were  all  very  nearly  ^^-inch   diameter,  and 

were  very  free  from  any  irregularities  of  surface.  The  re- 
sults are  arranged  according  to  the  ease  of  machining,  and 
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it  will  be  noted  that  generally  speaking,  the  ease  of  ma- 
chining decreases  with  increasing  physical  characteristics. 
Thinking  that  possibly  the  small  differences  in  diameter 
might  affect  results,  we  next  selected  a  series  of  similar  bars, 
and  machined  each  to  exactly  J/^-inch.  These  were  threaded, 
results  being  shown  in  Table  II;  speed  27  revolutions  per 
minute;  die  U.  S.  Standard  ^-inch. 


Table 

II 

Second  Machine  Test 

No. 

Decarb. 

Tensile 

Elas. 

Elongation 

Lbs. 

Depth 

Strength 

Limit 

Per  Cent 

Actual 

31418 

3/64 

41870 

31000 

7.0 

625 

3159 

7/64 

42840 

31400 

7.0 

772 

3164 

5/64 

40300 

31710 

6.0 

898 

31414 

1/64 

50120 

35140 

7.5 

898 

31526 

2/64 

43500 

30870 

7.0 

918 

31512 

46870 

31000 

9.0 

952 

Gray 

Iron 

Bar 

27370 

27370 

0.0 

979 

Cast 

Steel 

54950 

38210 

10.0 

1034 

Gray  Iron  .Plate 

1077 

31513 

4/64 

43720 

32610 

8.0 

1104 

3165 

3/64 

44210 

33150 

7.0 

1137 

Soft  : 

Steel 

1496 

Hard  Steel 

1676 

In  order  to  vary  conditions,  we  next  prepared  castings 
with  1-inch  diameter,  and  repeated  the  test,  using  a  U.  S. 
standard  1-inch  die,  speed  14  revolutions  per  minute.  The 
surface  of   the  castings   was  not  machined  before   threading. 


Table  III 

Machine  Test 

on  Larger  Bars 

No. 

Tensile 

Elastic 

Elong. 

Lbs. 

Strength 

Limit 

Per  Cent 

Actual 

Gray  Iron 

27370 

27370 

0.0 

1226 

-r 

.  45740 

33140 

7.5 

1294 

1-6** 

42640 

32000 

9.5 

1310 

X2-3*' 

41110 

36690 

6.0 

1310 

N-S.15-6 

48000 

35330 

9.5 

1134 

2  8* 

42060 

31020 

9.0 

1369 

lX-4** 

43750 

36410 

7.0 

1428 

3X-2** 

44680 

34520 

7.5 

1453 

U 

50650 

34950 

11.5 

1495 

C 

46550 

30260 

11.5 

1537 

N.5.13-5 

51870 

37330 

18.0 

1537 

Cast  Steel 

54950 

38210 

10.0 

1596 
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While  these  results  show  very  great  variations,  it  is 
obvious  that  on  the  whole,  ease  of  machining  is  sacrificed  to 
higher  physical  characteristics. 

It  seemed  possible  that  a  drilling  test  might  throw  some 
light  on  the  subject,  so  we  fitted  a  vertical  drill  press,  as 
shown  in  Fig.  2.  A  50-pound  weight  was  fastened  on  top 
of  the  spindle,  the  combined  weight  being  65  pounds.  The 
spindle  being  thrown  out  of  feed  gear,  we  thus  had  a  con- 
stant pressure  on  the  drills,  all  of  which  were  15/64-inch 
in  diameter.  The  speed  was  206  revolutions  per  minute. 
The  results  are  shown  in  Table  IV.  Time  to  drill  through 
i^-inch  bar  was  determined  by  stop  watch. 


Table  IV 

Drilunc  Test 

No. 

Dccarb. 

Tensile 

Elas. 

Elong. 

Time 

Inches  Inches 

Depth 

Strength 

Limit 

Per  Cent  Min.  & 

Drilled 

Per 

Sec. 

Min. 

Gray  Iron  Slab 

3-2.0 

.7559 

.249 

3-31425- 

4/64 

46620 

34380 

7.5 

3-9.0 

.7559 

.240 

4-31415- 

3/64 

3-9.1 

.7559 

.239 

2XX-5-1S-6N 

1/64 

48000 

35330 

9.5 

3-11.0 

.7480 

.235 

2- 

7/64 

3-16.3 

.7559 

.231 

2X-3165. 

3/64 

44210 

33150 

7.0 

3-26.5 

.7911 

.230 

7-3149- 

4/64 

3-21.5 

.7716 

.230 

4X-3159- 

2/64 

43500 

30870 

7.0 

3-23.5 

.7677 

.226 

5-3159- 

7/64 

42840 

31400 

7.0 

3-26.0 

.7755 

.226 

6-3151- 

2/64 

3-22.2 

.7598 

.225 

lx-31513- 

4/64 

43720 

32610 

8.0 

3-30.6 

.7795 

.222 

Sx-3164- 

5/64 

3-28.2 

.7677 

.221 

3X.31515- 

4/64 

45480 

33580 

7.5 

3-28.2 

.7637 

.220 

1XX-5.13-5-N 

2/64 

51870 

37330 

18.0 

3-25.0 

.7480 

.219 

8-31414 

1/64 

50120 

35140 

7.5 

3-29.9 

.7637 

.218 

5xx-S 

0 

40560 

3-31.2 

.7519 

.214 

1-31418- 

3/64 

41870 

31000 

7.0 

3-34.2 

.7598 

.213 

4xx-C 

3/64 

46550 

30260 

11.5 

3-36.0 

.7519 

.209 

Gray  Iron  Bar 

27370 

27370 

0.0 

3-55.6 

.7677 

.196 

3xx  U 

3/64 

50650 

34950 

11.5 

4-37.4 

.8346 

.181 

Steel  Soft 

8-45.1 

.7480 

.085 

Steel  Cast 

54950 

38210 

10.0 

13-44.4 

.7559 

.055 

Steel  Hard 

14-2.2 

.7322 

.052 

Although  we  have  a  wide  variation  in  ohvsical  figfures. 
we  are  unable  to  see  any  relation  between  these  and  speed  of 
drilling. 
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\Ml   2     DIAGRAM  OF  APPAIL\TIS  FOR   DRILLING  TEST 
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One  point  which  came  up  in  this  test,  and  whtch  prob- 
ably has  some  effect  on  difficulty  in  threading  high  tensile, 
high  elongation  iron,  was  that  produced  by  the  length  of 
chip  cut.  The  approximate  length  of  chip  made  by  cutting 
tool  is  given  in  Table  V. 

Table  V 
Length  of  Chip 
No.  Tensile      Elongation    Length  of 

Strength       Per  Cent     Chip,  Inches 
C  46550  n.S  H 

5.15-6-N  48000  9.5  2 

5.13-5-N  51870  18.0  5 

U  50650  11.5  6 

Obviously  the  longer  the  chip,  the  more  trouble  will  be 
caused  in  threading,  especially  on  the  return  operation,  while 
with  any  ordinary  cutting  work,  the  long  chip  will  do  no 
harm. 

While  the  results  of  all  the  foregoing  tests  are  sug- 
gestive, it  is  obvious  that  in  order  to  be  in  anyway  con- 
clusive, they  must  be  repeated,  under  better  conditions,  and 
we  believe  that  a  very  much  faster  feed  would  give  better 
results.  As  our  equipment  is  not  suited  for  high  speed  on 
this  work,  we  wrote  the  University  of  Wisconsin,  and  have 
recently  received  a  letter,  stating  that  the  mechanical  en- 
gineering department  would  be  glad  to  run  conclusive  tests 
on  this  subject  in  the  fall.  They  are  especially  well  equipped 
for  such  work,  and  if  it  can  be  arranged,  we  should  get  con- 
clusive figures  from  their  tests. 

From  the  foregoing  experiments,  and  from  all  data 
available  to  us,  we  can  venture  the  following  opinions: 

First. — At  medium  speeds,  all  properly  manufactured 
malleable  castings  can  readily  be  machined,  whether  such 
castings  are  of  low  or  of  moderately  high  physical  charac- 
teristics. 

Second. — Where  speed  of  machining  is  of  greater  im- 
portance than  great  strength,  a  metal  of  say  42,000  pounds 
tensile  strength,  and  6  per  cent  elongation  will  give  the  best 
results. 

To  our  minds,  a  very  interesting  point  was  brought  up 
by  results  on  machining  bars  of  various  kinds  of  steel  and 
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gray  iron,  as  shown  in  tables  II,  III  and  IV.  Of  course  too 
much  cannot  be  judged  from  a  test  on  a  few  samples,  but 
from  the  figures  shown  we  notice  that: 

First. — ^The  malleable  bars  machine  approximately  as 
easily  as  the  gray  iron. 

Second. — ^The  malleable  has  almost  double  the  strength 
of  gray  iron  and  an  elongation  of  about  8  per  cent,  as  com- 
pared to  no  elongation  in  the  gray  iron. 

Third. — Malleable  castings  can  easily  be  supplied  to 
equal  this  grade  of  cast  steel  in  all  physical  tests,  and  to 
surpass  it  so  far  as  smooth  surface  is  concerned.  And  at 
the  same  time  the  malleable  castings  will  show  a  superior 
machinability  according  to  the  operation,  ranging  up  to  that 
shown  in  the  drilling  test  where  repeated  tests  on  cast  steel 
showed  that  it  required  about  four  times  as  long  to  machine 
as  malleable  of  similar  physical  properties. 


Discussion 

H.  A.  Schwartz. — Malleable  iron  consisting  of  ferrite 
and  free  carbon  forms  an  intermediate  link  in  a  series  of  alloys 
beginning  with  ingot  and  wrought  irons  and  ending  with  very 
soft  gray  iron.  Since  very  soft  gray  iron  machines,  in  most 
operations,  more  easily  than  wrought  iron,  it  may  be  e3q>ected 
that  under  any  given  conditions  malleable  should  be  interme- 
diate in  machining  quality  between  ingot  iron  and  gray  iron* 
Further  the  higher  carbon  malleables  should  machine  more 
nearly  like  gray  iron  than  the  stronger  and  more  ductile  lower 
carbon  malleables.    So  much  can  be  taken  for  granted. 

The  question  of  primary  concern  is  the  magnitude  of  the 
difference  in  machining  quality  between  the  poorest  malleable 
which  still  possesses  utility  and  the  best  malleable  for  which 
there  is  a  demand  and  which  can  be  commercially  supplied.  A 
second  question  is  how  much  strength  can  be  sacrifioed  for  a 
given  increase  in  machine  shop  production  and  vice  versa. 

The  author's  quotations,  apparently  from  Touceda,   indi- 
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eating  that  malleable  iron  which  is  made  purely  from  machining 
quality  is  usually  weak,  may  well  be  understood  as  applying 
to  extreme  cases,  primarily,  and  conclusions  as  to  the  differences 
in  machineability  of  two  very  similar  metals  cannot  be  safely 
drawn  from  these  statements  which  are  made  in  general  teirms 
only. 

A  significant  experience  has  come  imder  the  writer's  obser- 
vation within  the  past  two  years.  Two  foundries  were  furnish- 
ing castings  from  identical  patterns  in  very  large  quantities  to 
a  given  machine  shop.  Only  one  form  of  casting  was  bought 
by  the  manufacturers.  Both  foundries  sold  and  furnished  iron 
of  standard  quality  (45,000  pounds  tensile  7%  per  cent  elonga- 
tion), and  the  product  was  carefully  inspected  in  both  plants 
by  disinterested  parties. 

The  product  of  each  foundry  was  quite  uniform  and  safely 
above  the  specifications.  That  of  one  foundry  averaged  about 
5000  pounds  per  square  inch,  and  perhaps  3  to  5  per  cent 
elongation  higher  than  the  other.  The  machine  shop  found 
that  the  better  product  machined  without  any  difficulty,  while 
the  poorer  gave  a  good  deal  of  trouble.  Results  of  this  nature 
based  on  the  machining  of  many  thousands  of  castings  would 
seem  to  indicate  that  a  sweeping  statement  that  the  stronger 
of  two  nearly  similar  irons  will  machine  less  readily  cannot  be 
accepted  without  question. 

The  author's  statement  as  to  the  quality  of  product  made 
by  manufacturers  of  light  castings  is  not  necessarily  to  ^ 
ascribed  only  to  a  desire  to  produce  greater  machining  ease. 
Small  castings  are  usually  higher  in  carbon  and  silicon  in  order 
to  secure  greater  fluidity  of  metal  than  is  permissible  in  large 
castings,  hence  the  physical  properties  are  not  so  good.  It  is 
conceivable  that  a  casting  may  be  used  for  a  purpose,  say  a 
barrel  bung,  in  which  no  strength  is  required,  and  accordingly 
it  may  be  good  practice  to  sacrifice  everything  to  machining. 

The  striving  after  production  at  the  expense  of  quality  has, 
however,  great  disadvantages.  The  experience  of  some  automo- 
bile concerns  who  bought  details  such  as  wheel  hubs  on  the 
basis  of  cost  and  machineability  has  in  the  past  been  almost 
disastrous. 
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The  author's  threading  test  measures  more  or  less  accu- 
rately the  pressure  of  a  chip  of  definite  cross  section  upon  the 
point  of  the  cutting  tool.  Taylor  has  shown  (Transactions  of 
A.  S.  M.  E.,  1907)  this  pressure,  on  lathe  tools,  to  be  independ- 
ent of  the  form  or  material  of  the  tool  or  the  cutting  speed  and 
to  be  equivalent  to  the  value  P  D  ^^  F  *  where  P  is  a  con- 
stant for  any  given  material,  D  is  the  depth  of  cut  and  F  the 
feed  per  revolution.  He  has  shown  further  that  P  bears  no 
predictable  relation  to  any  chemical  or  physical  property  of  the 
material  or  to  its  most  economical  cutting  speeds 

In  view  of  these  observations  it  is  not  surprising  that  the 
authors  were  unable  to  quantitatively  correlate  tensile  proper- 
ties with  the  load  on  their  dies  more  especially  in  view  of  the 
fact  that  the  tests  are  further  complicated  by  the  friction  of  the 
dies  on  the  material  threaded  and  by  the  clogging  effect  of 
chips  to  which  the  authors  refer  in  their  paper. 

The  tensile  strengths  in  Table  I  run  with  two  exceptions 
between  46,620  and  50,650  pounds  per  square  inch;  the  two 
exceptions  are  at  the  extreme  ends  of  the  table  as  should  be 
expected.  That  the  intervening  material  is  arranged  in  a 
somewhat  haphazard  order  is  not  surprising  considering  the 
small  range  of  variation  in  physical  properties.  On  cast 
specimens  it  is  very  doubtful  whether  duplicate  tensile  tests 
from  the  same  metal  could  be  made  alike  much  closer  than 
1500  or  2000  pounds  per  square  inch.  Certainly  a  foundry 
runnin^^  on  a  specification  of  46,600,  the  lowest  of  the  series, 
would  frequently  overrun  50,600,  the  highest  of  the  series. 
Similarly  in  Table  II  of  the  eight  malleable  samples,  six  arc 
between  40,300  and  44,200  and  should  give  results  closely  alike ; 
the  higher  values  are   found  midway   in  the  machining   range. 

In  Table  III  there  is  a  somewhat  better  selection  of  mate- 
rial available.  Numbering  the  malleable  bars  from  1  to  10  in 
the  order  of  their  tensile  strengths  the  machining  quality  runs 
in  the  following  order:  6,  3,  1,  8,  2,  4,  5,  9,  7,  10.  The  aver- 
age of  the  first  three  is  3  1/3.  of  the  middle  four,  4^,  and  of 
the  upper  three,  8  2/3,  showing  a  progressive  increase  in  the 
load  on  the  tool  with  increasing  tensile  strength. 
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The  only  direct  application  of  the  value  of  P  in  the  arts 
would  be  in  the  design  of  machine  tools  and  cutters  to  prevent 
their   failure  by  breaking  off. 

The  value  of  P  may,  however,  be  a  useful  constant  for 
checking  up  materials  since  it  is  easily  determined.  In  the 
writer's  judgment  a  rough  relationship  is  shown  to  exist  by 
Taylor's  data  to  the  extent  that  P  is  high  in  products  machined 
with   diffkulty  and  low   in   soft  ones. 

Cutting   Speed   is  Important   Consideration 

There  is,  as  Taylor  states,  no  predictable  connection 
between  the  cutting  speeds  and  values  of  P.  Herbert  in  the 
Journal  Iron  and  Steel  Institute,  1910,  has  published  the  re- 
sults of  extended  tests  showing  that  the  durability  of  the 
tool  is  fixed  by  its  temperature.  He  has  shown  that  for  a 
given  form  and  material  of  cutter  and  a  given  quality  of 
material  to  be  machined  the  durability  of  the  tool  is  constant 
for  constant  values  of  atS^  where  a  is  the  area  of  the  chip,  t 
its  thickness  and  S  the  cutting  speed.  He  has  shown  further 
that  his  assumptions  agree  with  Taylor's  published  data.  The 
temperature  of  greatest  durability,  i.  e.,  the  values  of  atS^  for 
greatest  durability  could  not  be  determined  except  by  direct 
experiment,  in  general  the  durability  first  increases  and  then 
decreases  as  S  increases.  In  many  cases  there  is  a  second 
increase  and  decrease  dependent  on  the  tool  steel  conditions. 

Under  these  circumstances  it  is  not  safe  to  attempt  any 
prediction  of  permissible  speeds  of  cut  based  on  the  authors' 
data.  The  observed  differences  in  load  may  cause  either 
enormous  or  negligible  differences  of   cutting  speed. 

It  is  extremely  unfortunate  that  the  authors  dealt  so 
briefly  with  the  surface  conditions  of  their  specimens.  The 
column  headed  "Decarbonized"  depth  offers  the  only  clue. 
StTictiy  speaking  there  is  no  such  thing  as  an  entirely  decar- 
burized  depth  of  any  great  thickness,  the  carbon  shading 
oflf  gradually  and  sometimes  more  and  sometimes  less  uniformly 
for  the  area  of  constant  carbon  at  the  center  to  the  low  carbon 
area  at  the  circumference. 

How   did    the    authors    determine    the    boundary    between 
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decarburized  and  undecarburized  metal?  More  important  still 
what  was  the  condition  of  any  remaining  carbon  in  the  ma- 
chined areas?  The  presence  of  amounts  of  pearlite,  of  cemen- 
tite  and  of  temper  carbon,  all  equal  to  the  same  amount  of 
carbon  would  be  widely  different  in  effect  on  machineability. 

Summary 

The  writer  would  express  himself  as  in  accord  with  Smith 
and  Barr's  conclusions  except  in  the  case  of  the  second  state- 
ment in  group  one. 

Table  II,  which  indicates  the  most  concordant  results,  shows 
that  the  load  in  the  die  for  the  three  weakest  irons  whose 
average  tensile  strength  is  41,937  pounds  is  1329  pounds,  while 
that  for  the  ether  seven,  averaging  46,164  pounds,  is  1404 
pounds.  The  writer  submits  that  this  difference  does  not  raise 
a  sufficient  presumption  as  to  machineability  in  favor  of  the 
weaker  iron  to  justify  the  author's  conclusion  that  42,000 
pounds  iron  should  be  adopted  where  speed  of  machining  is 
of  more  importance  than  great  strength. 

The  tests  indicate  that  the  stronger  iron  will  require  about 
6  per  cent  more  power  in  machining  at  equal  cutting  speeds, 
but  show  nothing  concliisive  as  to  what  the  effect,  if  any,  on 
cutting  speeds  will  be. 

The  writer  would  rather  draw  the  conclusion  that  for  the 
range  of  properties  from  42,000  to  52,000  pounds  per  square 
inch,  the  machineability  of  malleable  is  more  largely  affected  by 
other  variables  than  by  the  tensile  properties. 

However,  before  either  this  conclusion  or  that  of  Smith 
and  Barr  can  be  regarded  as  definitely  established  a  great 
deal  of  work  will  have  to  be  done  in  developing  methods  of 
tests,  studying  the  principles  involved  in  the  interpretation  of 
data  and  investigating  a  much  greater  number  of  materials. 

The  authors  have  done  pioneer  work  in  a  very  difficult 
and  complex  problem  and  it  is  to  be  hoped  that  all  interested 
parties  will  thereby  be  encouraged  to  make  such  investigations 
and  publish  such  data  as  may  be  expected  to  further  our  knowl- 
edge. 
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A  Note  on  Britain  s  Experimental 
Foundry 

By  G.  Ernest  Wells,  Sheffield,  England 

I  shall  endeavor  in  this  brief  paper  to  give  a  short 
description  of  the  foundry  built  during  the  war  by  the  British 
government  at  Brentford,  and  the  reasons  which  prompted  the 
British  ministry  of  munitions  in  establishing  it.  Primarily  the 
purpose  was  to  enable  researches  to  be  made  into  all  ques- 
tions affecting  the  manufacture  of  malleable  iron  castings. 
In  Great  Britain  the  output  of  most  firms  is  small  and  the 
result  is  that  with  one  or  two  exceptions,  practically  no  pro- 
ducer does  sufficient  business  to  enable  it  to  conduct  the 
manufacture  of  malleable  iron  castings  on  thorough  and 
up-to-date  scientific  lines. 

Before  the  war,  makers  of  pig  iron  specialized  in  irons 
suitable  for  use  in  the  manufacture  of  malleable  iron  castings, 
and  each  maker  used  a  brand  or  trade  mark  by  which  his  iron 
was  known.  The  malleable  iron  founder  made  tests  of  the 
different  brands  and  eventually  bought  those  particular  ones 
which  in  his  opinion  best  suited  his  methods. 

Supplies  Were  Cut  Off 

After  the  outbreak  of  the  war,  many  of  our  supplies 
of  raw  material  were  either  cut  off  or  sidetracked  for  different 
purposes  with  the  result  that  although  malleable  iron  founders 
still  continued  to  buy  the  brands  of  iron  which  had  given 
them  satisfaction  in  the  past,  they  found  all  sorts  of  new 
troubles  cropping  up  for  no  apparent  reason.  Had  all  the 
founders  been  in  posession  of  up-to-date  chemical  laboratories 
before  the  war,  they  would  naturally  have  quickly  discovered 
that  the  analysis  of  their  material  had  completely  changed 
and  would  have  acted  accordingly,  but  in  view  of  the  lack 
of    facilities   for  carrying  out   this   work,   it   was    felt   by   the 
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ministry  of  munitions  that  the  best  thing  to  do  was  to  equip 
a  small  foundry  with  trained  technical  staff,  in  order  that  the 
difficulties  experienced  should  be  .submitted  to  impartial  and 
independent  investigation. 

The  plant  erected  contained  an  up-to-date  cupola,  a 
number  of  pot-holes,  one  or  two  different  types  of  annealing 
furnaces,  and  a  completely  equipped  physical  and  mechanical 
testing  laboratory.  This  laboratory  was  put  in  charge  of  Mr. 
Mason,  a  skilled  research  chemist  who  had  specialized  in  mal- 
leable iron  problems,  while  the  foundry  itself  was  in  charge 
of  a  malleable  iron  founder  of  considerable  experience. 

As  the  work  developed,  difficulties  of  all  sorts  experienced 
by  manufacturers  were  put  up  to  the  government's  experi- 
mental foundry  for  solution,  and  after  a  thorough  investiga- 
tion a  report  was  made  which  was  at  the  disposal  of  any 
founder  who  wished  to  see  it. 

Results  Were  Valuable 

In  this  way  a  great  deal  of  valuable  work  was  done,  and 
in  certain  cases  raw  materials  were  successfully  used  which 
hitherto  had  been  considered  valueless  for  the  manufacture 
of  malleable  iron  castings.  At  a  later  date,  a  good  deal  of 
help  was  given  to  firms  who  were  experiencing  difficulty  in 
the  manufacture  of  so-called  semisteel  shell,  and  John  Shaw 
arranged  demonstrations  at  the  Brentford  foundry  so  that 
contractors  were  able  to  send  their  technical  men  to  see 
exactly    how    success    was    to    be    attained. 
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Report  of  A.  F.  A.  Committee  on 

Specifications  for  Malleable 

Iron  Castings 

Affiliated   with   a   Similar  Committee  of  the  American 
Society  for  Testing  Materials 


Your  committee  begs  leave  to  report  as  follows:  The 
majority  of  the  members  of  your  committee  have  been  con- 
stantly in  touch  with  the  work  of  the  American  Society  for 
Testing  Materials  committee  with  whom  they  are  affiliated 
in  their  efforts  to  have  the  tentative  specifications  for  mal- 
leable iron  castings  made  standard.  In  view  of  this  fact  it 
was  thought  it  would  serve  no  useful  purpose  to  call  a  meet- 
ing for  a  personal  discussion  of  the  matter  unless  some  mem- 
ber of  the  committee  had  in  mind  some  change  he  cared  to 
recommend. 

A  letter  was  written  to  each  member  asking  his  opinion 
in  regard  to  the  desirability  of  discussing  the  situation  per- 
sonally prior  to  our  meeting  in  September  but  they  have 
signified  their  desire  to  endorse  the  action  taken  by  the 
American  Society  for  Testing  Materials  committee  on  mal- 
leable iron  castings  and  recommend  to  the  American 
Foundrymen's  association  its  acceptance  of  this  specification 
as  standard. 

Inasmuch  as  the  tentative  specifications  have  been  made 
standard  there  are  no  remarks  to  be  made  in  connection 
with  them  beyond  what  was  contained  in  the  committee's 
report  of  last  year. 

Respectfully  submitted, 

A.  E.   Hammer 

W.   G.   Kranz 

F.   E.   Nulsen 

Enrique    Touceda,    Chairman 
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The  Elimination  of  Strains  in 
Iron  Castings 

By  C.  J.  Wiltshire,  Schenectady,  N.  Y. 

It  is  a  well  known  fact  that  appreciable  strains  remain 
in  iron  castings  after  cooling,  which  are  caused  by  unequal 
radiation  of  heat  from  the  castings  after  they  are  poured. 
This  unequal  radiation  is  due  to  variation  of  section  and 
diflference  in  length  of  paths  from  inner  to  outer  surfaces, 
through  which  the  heat  must  pass  to  escape. 

In  consequence,  the  heat  is  not  uniformly  dissipated  as 
the  portions  where  the  metal  is  thickest  and  those  most 
remote  from  point  of  heat  exit  retain  temperature  longest, 
causing  shrinkage  strains  to  be  set  up  in  the  parts  which  have 
been  first  to  cool. 

Some  22  years  ago,  Alexander  Outerbridge,  of  Phila- 
delphia, discovered  that  vibration  of  a  cast  iron  bar  (by 
tumbling  in  a  barrel  or  by  a  continued  tapping  with  a  ham- 
mer) would  invariably  increase  the  strength  of  the  casting. 
The  theory  of  this  treatment  is  that  the  action  of  cooling 
causes  molecules  of  iron  to  be  held  in  tension  which  is 
relieved  when  the  casting  is   subjected  to  vibration. 

It  has  since  been  found  that  this  tension  can  also  be 
relieved  by  annealing  the  castings  in  an  oven  of  moderate 
temperature,  which  method  it  is  the  purpose  of  this  paper 
to  describe. 

That  shrinkage  strains  exist  in  most  castings  is  demon- 
strated by  the  fact  that  if  a  plain  cast-iron  plate  is  machined 
to  a  true  surface  on  one  side,  the  operation  of  machining  the 
other  side  will  frequently  disturb  the  accuracy  of  the  surface 
first  finished.  This  phase  of  the  matter  was  presented  to  the 
American  Foundrymen's  association  in  a  paper  on  "The 
Seasoning  of  Gray-Iron  Castings,"  by  L.  M.  Sherwin,  of 
Brown  &  Sharpe  Mfg.   Co.,  at  the  Boston  meeting  in   1917. 
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Large  castings  which  have  been  left  in  the  sand  to  cool 
off  slowly  and  then  finished  to  true  dimension,  after  a  few 
days  have  been  found  distorted  under  ordinary  temperature 
changes,  but  these  same  castings  after  treatment  in  the  oven 
did   not   show   any   change   whatever. 

Results   of   Annealing 

Other  castings  which  have  been  finished  and  put  under 
5team  for  test  have  sliown  considerable  distortion  when  taken 
apart,  while  castings  from  same  patterns  when  treated  in  an 
oven  before  finishing  and  tested  out  in  the  same  way,  showed 
absolutely  no  distortion. 

Again,  large  castings  which  have  been  finished  and  lined 
up  as  parts  of  a  large  unit,  after  a  number  of  months  in 
service  have  shown  sufficient  distortion  to  cause  parts  of  the 
machine  to  become  out  of  line.  Such  castings  are  now  being 
annealed  and  from  results  obtained  it  is  believed  that  this 
treatment  will  prevent  the  defects  experienced. 

The    method    of    treatment    is   as    follows: 

The  castings  are  placed  in  the  oven,  the  doors  are  closed, 
the  heat  turned  on,  and  the  temperature  raised  to  700  degrees 
Fahr.,  which  generally  takes  from  seven  to  eight  hours.  This 
temperature  is  held  for  an  additional  seven  hours,  when  the 
heat  is  shut  off  and  oven  is  allowed  to  cool  down  slowly 
for  approximately  20  hours,  with  a  resulting  temperature  of 
about  300  degrees  Fahr.  The  oven  doors  are  then  opened 
and  temperature  is  allowed  to  drop  to  approximately  150 
degrees  Fahr.,  when  the  castings  are  in  shape  to  be  taken  out. 
The    entire    operation   consumes    about   48    hours. 

The  ovens  are  heated  with  oil  and  the  amount  of  oil 
per  ton  of  castings  treated  has  averaged  9.6  gallons.  Each 
heat  required  284  gallons  of  oil  and  approximately  29  tons 
of   castings  were  treated  each   heat. 
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Discussion — Eliminating  Strains 
in  Iron  Castings 


Mr.  Asa  W.  Whitney. — The  method  of  annealing  for  the 
relief  of  strains  only,  not  for  the  radical  change  of  structure 
as  accomplished  in  annealing  white  iron  at  high  temperature,  is 
applied  to  soft  iron  castings  almost  exclusively  after  the  cast- 
ings have  wholly  cooled  and  strains  and  distortions  have  become 
very  serious.  For  many  classes  of  castings  this  method  is  per- 
haps the  only  feasible  one  and  the  data  given  by  Mr.  Wiltshire 
as  to  temperature,  time,  oil  consumption  and  the  method  of 
cooling,  are  of  interest  as  establishing  records  on  those  points. 

The  long  time,  seven  to  eight  hours,  occupied  to  heat  to 
700  degrees  Fahr.  is  probably  partly  due  to  the  inability  to  heat 
a  mass  of  cold  castings  evenly  in  any  internally  fired  oven,  if 
the  flame  is  applied  too  severely.  Undue  haste  causes  uneven 
heating  and  cracks  or  strains  many  castings. 

But  it  seems  to  the  writer  wholly  unnecessary,  though 
harmless,  at  the  low  temperature  used  and  for  soft  iron 
castings,  to  take  as  much  as  20  hours  to  cool  from  700  degrees 
Fahr.  to  about  300  degrees  Fahr.  Very  properly  there  is  no 
draft  allowed  through  the  furnace  in  this  cooling,  but  the 
cooling  from  700  degrees  Fahr.  could  probably  be  done  safely 
in  four  to  five  hours  if  it  is  worth  while  to  construct  the  fur- 
nace to  this  end.  In  such  case,  the  whole  time  of  heating, 
roakinfj  mid  cor  .ling  could  be  reduced  to  33  hours.  However, 
unlcs**  \hv  turn'  could  be  reduced  to  about  22  hours  the  same 
^lirnacc  ctjiild  not  be  used  for  daily  heats. 
I  Whenever  j>ossible  the  car  wheel  maker's  idea  seems  more 
JMfti^jhlc,  ^C'riinrif  and  economical.  Their  aim  is  to  properly 
ointrol  th*^  un^jnal  cooling  of  the  casting  from  as  high  a  tern- 
liUirt  rt^  admits  of  handling  the  casting  without  mechanically 
%tnu  ii,  ^ny  between  1553  degrees  Fahr.  (light  cherry  red) 
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lo  1175  degrees  Fahr.  (dark  cherry  red).  In  this  way,  all 
strains  except  those  caused  by  the  chill  ring  in  car  wheel 
practice  are  largely  prevented  and,  with  modern  chill  rings,  the 
latter  are  minimized. 

However,  the  general  method  by  which  wheelmakers  carry 
out  their  idea  is  not  only  inefficient  in  reheving  strains  for 
certain  patterns,  for  wheels  delivered  to  the  pit  too  cold,  and 
for  certain  compositions,  which  are  the  best  if  properly  an- 
nealed, but,  because  of  the  massed  construction  of  pits  and  the 
consequent  four  to  seven  days  required  to  cool,  though  no  fire 
is  used,  the  common  practice  actually  damages  the  structure  of 
the  metal  by  enlarging  the  grain  size,  increasing  the  graphite 
size  slightly,  coarsening  the  pearlite  structure  and  producing 
minute  spots  of  partially  graphitized  pearlite  in  the  chilled 
portion.  The  result  is  far  more  irregularity  of  strength  and 
lower  mileage  than  can  be  produced  by  a  proper  technique  of 
annealing.  Moreover,  proper  annealing  admits  the  use  of 
harder  ind  more  suitable  compositions  and  microstructures  as 
shown  by  comparing  Figs.   1   and  2. 

In  1847,  the  writer's  grandfather,  Asa  Whitney,  introduced 
preheated  66-hour  pits  and  in  1898  the  writer  developed  42- 
hour  oil-fired  annealing  pits  designed  according  to  the  principles 
of  proper  heat  treatment  of  castings,  as  applied  before  the  cast- 
ing temperature  is   dissipated. 

As  a  result  of  long  experience  with  the  66-hour  and 
42-hour  pits,  the  author  has  been  able  to  produce  wheels  from 
which  extraordinary  mileage  has  been  obtained.  In  direct 
service  tests  under  the  tender  of  a  switch  engine  in  a  very 
severe  service  where  wheels  had  failed  in  10,000  to  26,000 
miles,  wheels  from  the  42-hour  pits  gave  over  126,000  miles, 
although  made  in  a  shop  equipped  only  for  making  lumber  and 
mining  car  wheels.  They  were  made  of  coke,  pig  iron,  steel  and 
miscellaneous  scrap,  the  metal  not  being  dosed  with  alloys  in 
ladle.  The  wheels  were  cast  in  contracting  chillers,  annealed 
in  preheated  pits  and  removed  cold  in  42  hours.  (See  Plate  13 
of  "The  Metallography  of  Steel  and  Cast  Iron."  Howe,  1916.) 

Before  the  wheels  were  worn  out,  the  writer  prepared  an 
article  on  chilled  wheels  which  appeared  in  December,  1912,  in 
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via.    1— HIGH   CHILL   WHEEL   WHICH   IP   ANNEALED   PROPERLY   WOULD    HAVE   GRIL\Tn 
STRENGTH  AND  DOUBLE  THE  MILE.\GE.      (300  DIAMETERS) 


KIG.    2— >%-LNCH    BELOW    CHILUUl    FACE    OF   OVERAXNEALED    CHIP    OF    CHILLED    PART 

OF  WHEEL  MIX.     B^>ORE  THE  L.\BORATORY  ANNEAL  THE  CHILL  WAS  AS  FREE 

OF   GR.\1*H1TK   SPOTS   AS  THE   PIFTE  OF  WHEEL  SHOWN   IN   PLATE   IS. 

•THE  METALLOGRAPHY  OF  STEEL  AND  CAST  IRON."  BY  HOWE. 

(30.5   DIAMETERS) 

the  IVhihu'y  MatHi^itte  of  the  University  of  Pennsylvania,  Asa 
Whitney  long  agt^  having  endowed  the  chair  of  dynamic  cngi- 
ring  there       Vhe  following  is  from  the  article: 
\\%:i  V\  liiuit  y  had  proved  to  his  own  satisfaction  that  any 
•siniblc  i>iitlcrn  of  car  wheel  or  other  chilled  casting  could  be 
'operly  unnciilt^l  only  by  placing  the  red  hot  castings  in  a  pre- 
dated pit,  ami.  instead  of  relying  on  the  slow  cooling  of  tbc 
jms$,  actually  raided  its  temperature  by  furnaces  whose  heat 
could  go  so  far  :t^  to  decompose  the  chilled  treads  into  a  sort 
^JeaUe  iron.     He  had  proved  that  by  proper  heat  regola- 
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tion  no  such  damage  would  occur,  and  that  by  proper  construc- 
tion of  the  pits  the  high  temperature  could  be  quickly  attained, 
briefly  maintained  and  rapidly  reduced.  His  pits,  48  in  number, 
and  18  feet  deep,  were  emptied  after  66  hours,  the  wheels  then 
being  no  hotter  than  could  be  rolled  to  cleaning  shop  by  men 
wearing  hand  leathers." 

The  writer's  pits  of  1898  were  not  dependent  on  a  cooling 
air  draft  through  the  mass  of  castings,  but  carried  out  Asa 
Whitney's  principle  more  thoroughly  and  in  less  time  by  greatly 
increasing  the  external  radiation  of  heat,  as  soon  as  the  fire 
was  shut  off  and  pit  sealed.  This  is  as  important  as  the  rapid 
heating. 

In  the  writer's  practice  medium  and  light  wheels  were  charged 
as  hot  and  fast  as  possible.  The  temperature  was  raised  about 
400  degrees  Fahr.  from  an  average  of  1100  tp  1500  degrees 
Fahr.  in  IJ^  hours  or  less.  The  total  time  of  application  of 
oil  fire  was  about  3^  hours,  being  preheated  for  about  two 
hours.  In  a  12-heat  test  of  one  pit  used  daily,  the  alternate 
pit  cooling,  two  net  tons  hot  wheels  were  heat-treated  by  5.6 
gallons  of  residium  oil  at  5>4  cents  per  gallon  or  nearly  15  cents 
per  ton.  The  pits  held  3%  net  tons,  but  were  used  with  an 
average  of  only  2  tons  at  this  time. 

Cold  castings,  especially  if  hard  or  under  strain,  must  be 
heat  treated  slowly,  but  hot  castings  can  be  and  should  be  heat 
treated  rapidly  to  avoid  damage  if  structure  is  already  nearly 
right.  For  the  same  reasons  hot  castings  usually  should  be 
and  actually  can  be  cooled  rapidly  to  retain  structure  and  avoid 
coarsening  it,  because  there  are  no  unrelieved  strains  engendered 
by  a  previous  cooling.  The  only  requirement  seems  to  be,  as 
in  the  case  of  glass  annealing,  that  the  time-temperature  "curve" 
should  be  a  straight  line,  or  nearly  so,  for  any  and  all  parts 
of  the  casting.  This  precludes  cold  air  draft  being  used  at  all 
for  rapid  work:  And,  as  usually  in  cast  iron  the  finest  original 
structure  should  be  preserved,  the  time-temperature  curve  must 
be  as  steep  as  possible,  that  is,  the  time  must  be  short. 
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The  Electric  Furnace  as  an  Adjunct 
to  the  Cupola 

By  George  K.  Elliott,  Cincinnati 


This  paper  is  a  sequel  to  one  read  by  the  author  beforo 
the  American  Electrochemical  society  last  April.  In  that 
paper,  entitled  "Improving  the  Quality  of  Gray-Iron  by  the 
Electric  Furnace,"  the  author  described  a  duplex  process  for 
making  gray  iron  suitable  for  the  demands  of  modern  engi- 
neering for  super-grades  of  iron  castings.  The  duplex 
process  described  was  one  installed  at  the  plant  of  the 
Lunkenheimer  Co.  at  Cincinnati,  where  it  has  been  in 
successful  operation  for  a  number  of  months.  The  process 
consists  simply  of  using  in  tandem  the  ordinary  foundry 
cupola  and  the  arc  electric  furnace.  The  purpose  of  the  pres- 
ent paper  is  to  re-emphasize  the  significant  fact  that  cast  iron 
as  it  comes  from  the  cupola  furnace  has  serious  limitations  that 
are  being  brought  to  light  by  the  more  extreme  demands  of 
modem  engineering  progress,  and  that  the  arc  electric  furnace 
is  a  competent  supplement  to  the  cupola  for  producing  cast  iron 
of  superior  quality. 

Cupola  Noteivorthy  Success  in  its  Field 

Before  proceeding  into  his  subject,  the  author  desires  to 
make  it  plain  beyond  all  possibility  of  misunderstanding,  that 
his  attitude  toward  the  cupola  furnace  is  not  one  of  hostiIit\' 
nor  is  his  criticism  destructive.  On  the  other  hand,  he  is  de- 
cidedly friendly  to  the  cupola  and  his  intentions  are  entirely 
constructive  and  calculated  to  be  helpful  and  co-operative. 
He  wrnikJ  not  have  it  even  suspected  that  the  cupola  is  losing 
its  lon^  am!  lionorable  prestige,  because,  in  truth,  he  knows 
there  is  rsn  reason  why  it  cannot  continue  indefinitely  to  be 
wlial  it  always  has  been,  the  most  serviceable  melting  furnace 
known  to  foundry  practice.  For  the  ordinary  run  of  iron  cast- 
comprising  possibly  90  per  cent  of  the  total  output,  there 
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is  no  valid  economical  reason  for  either  displacing  or  radically 
modifying  the  modern  cupola.  It  is  a  noteworthy  success  in  its 
accustomed  field.  It  is  only  here  and  there  in  engineering,  prob- 
ably scattered  throughout  all  its  many  branches,  that  we  find  the 
advanced  ideas  of  the  designing  engineer  not  adequately  matched 
by  the  best  product  of  the  iron  foundry. 

The  result  of  this  gradual  unveiling  of  apparent  disability 
in  some  iron  castings  is  that  the  material  itself  is  receiving  a 
growing  amount  of  arraignment  and  rehulT  which  we  see  clearly 
reflected  in  the  tendency  of  certain  specifications  to  pass  over 
cast  iron  and  seek  malleable  or  steel  castings.  Far  be  it  from 
us  to  say  that  some  of  these  cases  are  not  entirely  justified 
by  the  intended  service,  but  we  do  venture  the  opinion 
that  in  very  many  of  them,  gray  cast  iron  as  it  is  at  its  best, 
is  preferable  to  the  substitutes  demanded.  There  is  in  gray 
cast  iron  a  certain  maximum  worth  and  definite  characteristics 
that  are  seldom  developed  to  the  fullest  extent  in  the  average 
iron  foundry.  We  refer  to  the  super-qualities  of  our  best 
grades  of  pig  iron,  when  melted,  refined,  superheated  and  cast 
by  the  best  possible  method?.  In  other  words,  cast  iron  when 
done  full  justice  in  the  foundry,  is  a  much  better  metal  than 
even  its  best  friends  are  accustomed  to  proclaim. 

We  believe  that  the  average  modern  iron  foundry  is  making 
castings  that  realize  the  best  .that  is  possible  to  their  equip- 
ment but  not  the  best  that  is  possible  to  the  iron  itself.  Foundry 
equipment,  therefore,  is  at  fault  in  its  failure  to  realize  all  the 
innate  worth  of  cast  iron:  and  not  the  least  oflFcnder  is  the 
cupola  furnace.  The  function  of  the  cupola  is  to  deliver  iron 
molten  and  ready  for  the  molds,  and  this  it  does,  economically, 
with  great  regularity,  and  continuously  as  long  as  wanted.  It 
is  a  wonderful  foundry  servant  but  like  its  human  parallels,  it 
has  sharp  limitations. 

Melting  Efficiencies  of  Furnaces 

Whatever  its  faults  may  be,  it  must  be  acknowledged  that 
for  preheating  iron  up  to  the  point  of  melting,  and  after  that 
performing  the  fusion  itself  with  a  minimum  waste  of  heat,  the 
cupola  stands  supreme  among  the  established  foundry  furnaces. 
Its  melting  efficiency  approximately  is  40  per  cent  although  in 
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the  hands  of  the  unskilled  it  may  fall  as  low  as  25  per  cent, 
while  the  adept  may  drive  it  along  at  a  rate  of  as  high  as  50 
per  cent  efficiency.  Counter  to  this  we  have  an  average  effi- 
ciency of  about  12  per  cent  in  the  reverberatory  or  air-furnace, 
and  of  about  25  per  cent  in  the  open-hearth  regenerative 
furnace.  The  improbability  of  the  popularity  of  the  cupola 
furnace  ever  waning  to  any  decided  extent  is  well  set  forth  in 
these  comparative  efficiencies. 

Although  the  cupola  is  practically  without  rival  as  a  pre- 
heater  and  melter  it  does  not  attain  the  same  high  rank  as 
a  superhearter  of  molten  metal.  Here  is  the  first  glaring  weak- 
ness of  the  cupola.  It  never  fails  to  melt  iron,  but  at  times  it 
fails  to  superheat  sufficiently  for  the  best  resuks.  In  many 
cases,  the  super-grades  of  castings  referred  to  in  this  paper, 
demand  very  hot  iron,  in  fact  iron  hotter  than  seems  to  be 
uniformly  possible  in  the  cupola.  However,  in  many  instances 
the  cupola  is  in  the  hands  of  extremely  clever,experienced  and 
intelligent  masters  who,  by  taking  advantage  of  every  circum- 
stance of  furnace,  fuel  and  iron,  succeed,  to  a  limited  but  quite 
remarkable  degree,  in  forcing  the  cupola  to  do  what  it  con- 
stitutionally is  not  fitted  to  do — to  produce  molten  iron  with  a 
fairly  high  degree  of  superheat. 

Difficulty    of   Superheating    in    Cupola 

The  cupola  operator's  problem  in  obtaining  superheated 
iron  is  largely  one  of  circumventing  terrestrial  gravitation  as  it 
is  manifested  in  the  speedy  dripping  of  the  molten  iron 
through  and  away  from  the  hottest  zone  of  the  cupola. 
Gravitation  makes  possible  the  simplicity  of  operation  of 
the  cupola  furnace,  and  it  seems  to  the  author  that  it  is  the 
chief  cause  of  the  furnace's  inability  as  a  superheater.  It 
removes  the  iron,  once  it  is  melted,  too  rapidly  from  the 
zone  of  maximum  heat  in  the  cupola ;  it  curtails  the  time 
available  for  heating  and  robs  the  liquid  iron  of  its  best 
opportunity  for  acquiring  a  large  degree  of  superheat.  This 
is  the  main  point  in  cupola  operation  to  challenge  the  skill 
of  the  melter. 

In  the  two-step  process  that  has  been  described,  all  respon- 
sibility for  superheating  is  taken  from  the  cupola  and  assigned 
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to  the  electric  furnace,  where  with  the  greatest  ease  it  can  be 
superheated  to  a  degree  that  is  not  possible  in  any  other  kind  of 
furnace.  Temperatures  possible  in  the  arc  electric  furnace 
which  is  recommended  for  this  process  are  limited  only  by  the 
melting  point  of  the  refractory  lining.  By  this  we  do  not  in- 
tend to  intimate  that  the  higher  temperatures  available  in  the 
electric  furnace  are  to  be  sought  for  cast  iron,  as  this  is  far 
from  the  truth.  Attaining  them  would  be  a  sad  waste  of 
power  with  no  recompensing  advantage.  In  general,  an  addi- 
tional one  hundred  or  one  hundred  and  fifthy  degrees  Fahr. 
over  its  cupola-given  temperature  is  all  that  is  necessary  for 
gray  iron. 

Superheating  Allows   Use  of  Lo^v-Phosphorus 

The  natural  question  to  be  raised  at  this  point  concerns 
the  advantages  accruing  from  extra  hot  iron.  The  most  ap- 
parent are  those  having  to  do  with  the  perfect  running  out 
or  reproducing  the  impressions  in  the  mold.  Castings  of  thin 
section  and  large  general  dimensions  are  important  in  this 
consideration.  Many  castings  of  this  kind  are  made  of  high- 
phosphorus  iron  merely  because  of  the  increased  fluidity  obtain- 
able only  through  excess  of  phosphorus.  This  practice  is 
followed  in  spite  of  the  fact  that  phosphorus  detracts  substan- 
tially from  the  strength  of  the  castings,  reducing  especially 
their  ability  to  resist  shock  and  vibration.  Superheating  in  the 
electric  furnace  enables  the  foundryman  to  make  these  cast- 
ings of  low-phosphorus  iron  because  he  can  safely  shift  the 
responsibility  for  fluidity  from  the  material  to  the  furnace.  The 
possibility  of  casting  strong  tough  irons  in  thin  sections  is  one 
of  the  great  advantages  of  highly  superheated  metal. 

Hot  Iron  Increases  Solidity 

Another  advantage,  and  by  no  means  a  minor  one,  is  that 
hot  iron  tends  to  increase  solidity  in  castings.  By  solidity  is 
meant  not  only  closeness  of  grain  but  freedom  from  internal 
imperfections  such  as  blowholes,  shrink-holes,  slag  inclusions, 
graphite  segregations,  and  similar  defects.  The  close  relation 
existing  between  solidity  and  hot  pouring  temperatures  is  not 
always   a   matter   of   great   concern,   but   to   some    foundry- 
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men  it  is,  especially  to  those  unlucky  ones  whose  castings  are 
put  to  some  form  of  rigid  test  for  solidity.  The  makers  of 
hydraulic  cylinders  and  valves  for  high  pressure  steam  are  in 
this  class.  These  men  are  convinced  that  hot  iron  and  a  low 
percentage  of  leakers  on  the  test,  are  related  one  to  the  other 
as  cause  and  effect.  They  are  interested  in  hot  iron  to  a  degree 
that  seems  fanatical  to  their  brother  foundrymen. 

It  should  be  made  clear  that  what  is  termed  cold  iron 
in  this  paper  is  not  necessarily  iron  that  is  downright  sluggish 
in  the  ladle  but  rather  iron  of  a  temperature  above  that  point 
and  still  below  the  temperature  necessary  for  the  very  best 
results.  Cold  iron  may  be  too  viscous  to  allow  the  escape 
of  entrapped  inclusions  of  gas  which  constitutes  a  most 
fruitful  source  of  blowholes.  Also  iron  is  cold  that 
freezes  in  the  risers  before  they  have  completed  their 
function  of  feeding  the  casting,  especially  of  feeding  it 
during  that  most  critical  period  when  the  conditions  tending  to 
what  Longmuir  has  called  "liquid  contraction"  are  at  the  height 
of  their  power.  Improper  feeding  is  one  of  the  harmful  results 
of  lack  of  superheat. 

Tests  on  Iron  Poured  at  Various  Temperatures 

The  subject  of  Longmuir's  liquid  contraction  is  most  at- 
tractive and  is  distinctly  pertinent  to  the  subject  of  solid  cast- 
ings. The  name  was  coined  to  describe  the  local  contraction 
that  takes  place  in  the  heavier  parts  of  a  casting  immediately 
after  the  solidification  of  the  outer  surface.  Its  close  relation 
to  casting  temperature  already  has  been  suggested.  Two  ex- 
cellent papers  on  the  subject  have  been  written  by  Hailstone 
and  published  as  Carnegie  scholarship  memoirs  by  the  Iron 
and  Steel  institute  of  London,  one  in  1913  and  the  other  in 
1916.  They  contain  descriptions  of  the  results  of  experimental 
investigations  of  liquid  contraction.  Gray  iron  of  common 
variety  poured  at  temperatures  between  2527  and  2602  degrees, 
Fahr.,  which  may  be  classified  as  very  hot  iron,  gave  solid 
castings  of  close  grain  and  maximum  strength.  The  same  iron 
poured  at  progressively  lower  temperatures  became  weaker  and 
more  open  of  grain  in  direct  proportion  with  the  decrease  of 
the  casting  temperature.     'WTien  poured  at  2458  degrees  Fahr. 
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and  lower,  liquid  contraction  in  the  form  of  cavities  in  the 
heavier  parts  was  apparent,  while  blowholes  appeared  when  the 
pouring  temperature  of  2376  degrees  Fahr.  was  passed.  It  also 
was  found  in  these  experiments  that  the  specific  gravity  of  the 
castings  varied  from  7281  in  the  iron  poured  at  the  highest 
temperature  to  6.936  in  that  poured  at  the  lowest  temperature 
(2307  degrees  Fahr.).  The  results  here  reproduced  were 
secured  by  Hailstone,  using  what  he  called  "iron  of  the  com- 
mon variety"  and  they  verified  similar  results  which  he  pre- 
viously had  secured  with  *iron  of  the  better  variety."  The 
experience  of  this  British  metallurgi.st  has  been  borne  out  in 
at  least  one  American  foundry  specializing  in  castings  of  great 
density.  The  high  temperatures  giving  the  best  results  in  the 
experiments  just  mentioned,  are  not  temperatures  ordinarily  and 
consistently  attained  in  the  cupola  except  possibly  in  a  few 
anomalous  instances.  On  the  other  hand,  they  can  be  at- 
tained after  a  half  hour's  superheating  in  the  electric  furnace. 

Electric  Furnace  Adapted  for  Malleable 

Another  place  where  electrically  superheated  iron  is  of 
value  is  in  the  wide  field  of  white  irons.  Naturally  this  should 
have  its  widest  application  in  iron  suitable  for  malleablizing. 
The  possible  benefits  here  are  great.  The  freezing  of  molten 
white  iron  before  perfectly  running  out  the  molds  of  smaller 
castings,  and  freezing  in  the  ladles  are  no  infrequent  occur- 
rences in  the  average  malleable  foundry.  The  infant  mortality 
among  small  malleable  castings  in  this  way  is  appalling. 
The  chief  cause  lies  in  the  fact  that  the  temperature  and 
time  range  of  workable  fluidity  for  white  iron  is  much 
narrower  than  for  gray  iron.  The  fact  is,  the  temperature 
of  gray  iron  can  drop  nearly  twice  as  far  before  freezing 
as  it  can  for  white  iron,  which  means  that  the  time  available 
for  handling  white  iron  is  about  half  what  it  is  for  grav 
iron.  The  use  of  the  electric  furnace  corrects  this  great 
trouble,  because  the  iron  it  delivers  to  the  molder  is  suffi- 
ciently fluid  and  hot  to  be  poured  without  "skulling"  the 
ladles  and  with  losses  of  castings  through  misrunning  low- 
ered to  the  minimum. 
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The  process  of  treating  iron  in  the  cupola  cannot  be  ex- 
tended beyond  the  point  of  melting  and  a  certain  limited 
amount  of  superheating.  Any  additional  operation  such  as 
refining,  is  entirely  out  of  the  question  and  can  be  performed 
only  in  some  other  kind  of  furnace.  The  cupola  is  not  a 
refining  furnace.  However,  it  often  happens  that  from  the 
double  standpoint  of  raw  material  and  product,  a  certain 
amount  of  refining  is  desirable  and  even  necessary.  Refining 
is  the  principal  foundation  upon  which  is  built  the  reputation 
of  the  electric  furnace  as  a  metallurgical  apparatus,  and  it  is 
truly  claimed  that  from  even  the  cheapest  raw  materials  the 
electric  furnace  can  produce  steel  of  the  highest  quality.  With 
no  less  truth,  the  same  can  be  said  of  preparing  cast  iron  in 
the  electric  furnace.  Essentially  the  electric  furnace  is  a 
purifying  furnace  and  certainly  it  supplies  the  very  comple- 
ment that  the  cupola  furnace  most  needs. 

Electric  Furnace  as  a  Refiner 

In  considering  the  electric  furnace  in  relation  to  refining 
it  is  preferable  to  consider  separately  the  acid-lined  and  the 
basic-lined  furnaces.  The  acid-lined  furnace  is  simpler  in 
operation  but  also  much  less  efficacious  as  a  refining  unit.  It 
refines  entirely  through  maintaining  a  constant  reducing  atmo- 
sphere in  contact  with  the  metal.  The  refining  in  an  acid  fur- 
nace is  one  of  deoxidation  coupled  with  a  freeing  of 
the  bath  from  included  gases  and  slag.  However,  the  acid- 
lined  furnace  is  hardly  to  be  compared  with  the  basic  for 
refining,  and  its  use  in  a  duplex  process  should  be  for  plain 
superheating  and  for  mixing,  but  not  where  any  considerable 
degree  of  refining  is  desired. 

One  must  turn  to  the  basic-bottom  electric  furnace  to  find 
potentiality  in  refining  at  its  greatest.  The  possibilities  of  this 
furnace  are  bounded  only  by  economical  considerations.  Al- 
most any  metallurgical  reaction  may  be  conducted  in  it,  in- 
cluding oxidation,  reduction,  dephosphorization,  desulphur- 
ization,  decarburization,  carburization,  mixing  with  ferro- 
alloys, superheating,  and  others.  The  duplex  process  for  cast 
iron  is  chiefly  concerned  with  reduction,  desulphurization  and 
mixing. 
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« 
Normally,  the  conditions  in  the  electric  furnace  are  strongly 

reducing  and  the  exposure  of  cupola  melted  iron  to  them  seems 
to  have  a  distinctly  beneficial  effect.  Whether  iron  can  be 
oxidized  in  the  cupola  under  ordinary  conditions  is  a  question 
upon  which  the  authorities  are  not  all  agreed  nor  is  there 
unanimity  of  opinion  as  to  the  benefit  or  harm  of  oxygen  in 
cast  iron.  Personally,  the  author  believes  a  deleterious  oxida- 
tion can  at  times  occur  in  the  cupola,  and  his  experience  strongly 
indicates  that  cupola  iron  thoroughly  deoxidized  as  it  is  in  the 
electric  furnace,  exhibits  an  improvement  in  general  physical 
properties  that  is  hard  to  account  for  on  any  other  grounds 
than  of  deoxidation.  Also  it  is  his  experience  that  thor- 
oughly deoxidized  iron  has  perceptibly  more  life  than  has 
the  untreated  iron  at  the  same  temperature. 

Desulphurisation   in   Electric   Furnace 

Desulphurization  is  an  extremely  satisfactory  reaction  when 
performed  in  the  basic  electric  furnace.  It  is  not  only  easy  to 
perform  but  it  takes  place  during  the  same  time  that  the  iron 
is  being  superheated,  involving  no  extra  consumption  of  power. 
Another  factor  tending  to  fit  the  operation  into  this  process 
is  the  fact  that  desulphurization  depends  for  its  success  upon 
maintaining  reducing  conditions  in  the  furnace.  The  chemical 
reaction  by  which  the  sulphur  is  removed  is  essentially  as. 
follows : 

FeS  -f  CaO  +  C  =  Fe  -1-  CaS  -f  CO. 
From  this  reaction  it  is  seen  that  carbon  is  essential  to  its 
completion  and  therefore  the  large  amount  of  carbon  in  the 
iron,  and  the  carbon  electrodes  themselves,  have  a  most  bene- 
ficial influence  upon  the  removal  of  sulphur  from  the  bath. 
It  is  understood  that  the  necessary  basic  slag  is  present  in  suffi- 
cient quantity  and  of  the  proper  quality. 

Sulphur  is  unavoidable  in  cast  iron  made  by  the  usual 
methods  and  it  is  the  custom  to  pass  it  over  as  a  necessary 
evil.  If  the  bare  truth  be  spoken,  the  only  good  that  can  be 
said  of  tt  is  that  sometimes  it  is  of  assistance  to  the  founder 
in  obtaining  chilled  castings.  The  damaging  fact  about  sulphur 
is  that  whether  united  with  iron  or  with  manganese  in  the  form 
of  sulphide,  it  composes   an   insoluble,   non-metallic   structural 
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component  in  cast  iron  that  cannot  do  aught  but  unfavorably 
affect  the  good  physical  properties  of  the  metal. 

May  Reduce  Sulphur  to  Low  Figure 

Standard  pig  iron  containing  a  maximum  of  0.05  per  cent, 
sulphur  contains  from  0.07  to  0.11  per  cent  after  coming  from 
the  cupola,  the  degree  of  contamination  depending  upon  the 
quality  of  coke,  the  condition  of  the  cupola  and  its  accessories, 
and  the  skill  and  knowledge  of  the  cupola  tender.  The 
same  iron  from  the  cupola  may  subsequently  have  its  sulphur 
reduced  to  about  one-third  or  one-fourth  by  30  or  40  minutes 
refining  in  a  basic  bottom  electric  furnace.  The  average  of 
a  great  number  of  "duplexed"  heats  of  gray  iron  was  .088 
per  cent  sulphur  in  the  melt  from  the  cupola,  while  in  the 
final  product  from  the  electric  furnace  the  average  was  0.036 
per  cent.  As  low  as  0.009  per  cent  sulphur  in  occasional  heats 
has  been  produced  in  gray  iron  under  everyday  working 
conditions. 

The  economical  side  of  this  great  power  of  desulphur- 
ization  attracts  the  attention.  The  founder  who  is  able  to 
employ  this  process  with  the  basic  furnace  immediately  finds 
himself  to  a  large  extent  emancipated  from  the  tyranny  of 
low-sulphur  specifications  in  the  selection  of  raw  materials, 
including  pig  iron,  scrap  and  coke.  The  advantage  is  great 
and  must  be  apparent  to  all.  According  to  metallurgists  of  the 
iron  foundry  there  exists  today  a  sulphur  problem  which 
bases  its  gravity  upon  the  probability  that  constant  melting  and 
remelting  of  the  iron  scrap  of  the  world  is  causing  a  steady 
increase  in  the  sulphur  cx>ntent  of  iron  castings  made  from 
even  the  smaller  percentages  of  scrap  iron.  Coke  also  is  in- 
volved and  the  duplex  process  described  does  not  necessitate 
the  use  of  low  sulphur  cokes  which  not  always  are  easily  ob- 
tained. The  doors  of  many  foundries  are  closed  to  "off"  grades 
of  pig  iron  because  of  the  high  sulphur  brand  of  shame  at- 
tached to  them.  Here  the  basic  electric  furnace  is  a  great 
leveler  which  makes  Wgh  or  low  sulphur  irons  almost  equally' 
acceptable. 

We  have  said  that  the  electric  furnace  step  of  the  duplex 
process  is  particularly  gfood  for  mixing.     It  enables  a  perfect 
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mixing  of  the  original  raw  materials,  assuring  homogeneity  in 
the  single  heat,  and  it  facilitates  the  accurate  duplication  of 
results,  assuring  uniformity  among  several  heats.  It  simplifies 
and  insures  the  perfect  admixing  of  alloys  such  as  ferro- 
silicon  and  ferromanganese.  In  the  case  of  the  latter,  it  is 
especially  valuable  in  view  of  the  considerable  loss  of  man- 
ganese that  is  inevitable  in  the  cupola.  Under  the  reducing 
conditions  prevailing  in  the  electric  furnace  there  is  absolutely 
no  loss  of  manganese.  Steel  scrap  may  be  admixed  in  the 
electric  furnace  making  attainable  that  carbon-diluted  form  of 
gray  iron  which  is  also  known  as  semistccl.  This  method 
indeed  produces  a  real  alloy  of  gray  iron  and  steel  with  the 
total  carbon  capable  of  the  closest  regulation,  and  the  dream 
of  the  semisteel  enthusiasts  is  realized  as  by  no  other  method. 
In  concluding,  the  author  would  like  to  leave  two  injunc- 
tions concerning  the  use  of  the  electric  furnace  as  an  adjunct 
to  the  cupola.  In  the  first  place,  the  duplex  process  just  de- 
scribed is  not  intended  to  displace  the  established  methods  of 
preparing  iron  in  the  cupola  for  ordinary  grades  of  iron  cast- 
ings; certainly  they  will  not  bear  the  added  cost.  The  process 
is  intended,  however,  for  those  extraordinary  cases  where 
ordinary  iron  as  produced  by  the  ordinary  process  has  not 
met  the  demands  of  the  occasion  and  where  the  advantages 
gained  justify  the  extra  cost  of  production.  Also,  the  author 
does  not  claim  that  the  electric  furnace  presents  an  infallible 
cure-all.  Its  adoption  cannot  be  expected  to  release  the  founder 
from  the  necessity  of  good  foundry  practice  and  of  constant,  ex- 
perienced and  intelligent  metallurgical  supervision  in  every 
department  of  the  foundry  establishment.  The  electric  furnace 
IS  but  a  bit  of  apparatus,  efficient,  it  is  true,  and  in  some  ways 
almost  wonderful,  but  it  must  be  supplemented  by  human  brains. 


Discussion 


Dr.  Richard  Moldenke. — ^We  are  going  to  get  all  the  cast- 
ings made  during  the  war  back  in  the  scrap  pile  before  20 
years  have  passed  and  we  will  get  scrap  with  up  to  0.32  per 
cent  sulphur.     The  question  is  what  we  are  going  to  do  with 
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material  so  full  of  sulphur — ^although  sulphur  is  not  so  danger- 
ous as  we  once  thought  it  was.  Mr.  Elliott  has  found  that  the 
basic  hearth  electric  furnace  will  be  the  solution  for  the  higb 
sulphur  trouble.  I  have  tried  to  overcome  the  sulphur  prob- 
lem but  so  far  have  failed.  The  last  experiment  I  made  was 
by  blowing  hydrogen  through  the  molten  metal  to  reduce  thj! 
sulphur  and  deoxidize  the  metal  at  the  same  time.  I  nearly 
blew  the  place  up  and  got  a  perfectly  hard  white  iron  out  of 
gray  pig.  In  the  basic  electric  furnace  you  have  the  lime  or 
magnesia  bottom,  which  is  ready  to  take  up  sulphur  if  jrou 
have  the  temperature  high  enough;  and  so  Mr.  Elliott  has 
reduced  the  sulphur  to  almost  nothing  by  melting  the  metal  in 
the  cupola  in  the  ordinary  way  and  finishing  in  the  electric 
furnace.  The  only  drawback  is  the  high  first  cost  of 
an  electric  furnace  plant.  With  castings  costing  you  from 
IS  to  18  cents  a  pound  in  your  own  shop,  it  does  not  hurt  to 
add  another  y^  ^ent  a  pound  by  making  them  in  the  electric 
furnace.  Where  you  have  a  casting  costing  you  4  cents  a  pound 
in  your  shop,  you  cannot  add  another  half  cent.  Therefore  the 
electric  furnace  will  be  popular  for  higher  grade  work,  such 
as  piston  rings,  etc.,  where  you  can  afford  to  add  a  little  to 
the  cost  to  obtain  molten  metal  yielding  extra  good  results. 

A  Member. — I  would  like  to  ask  if  Dr.  Moldenke  has  had 
any  experience  in  the  use  of  cast  iron  borings  in  the  electric 
furnace. 

Dr.  Moldenke. — I  have  not  had  any  experience  myself, 
but  I  think  that  in  the  basic  electric  furnace  you  ought  to  get 
first  class  results.  The  idea  is  that  the  electric  furnace  has  heat 
enough  for  complete  deoxidation  and  then  the  results  will  be 
all  right. 

Mr.  Gragan. — I  have  had  a  little  experience  with  a  carbon 
bottom  electric  furnace  for  melting  scrap  and  converting  it  into 
gray  iron.  I  used  a  SOO-pound  furnace,  and  with  85  per  cent 
coke  and  15  per  cent  pitch  and  by  putting  in  a  carbon  bottom, 
I  am  now  melting  turnings  and  borings,  both  of  steel  and  iron, 
and  getting  gray  iron  castings. 
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The  Side  Blow  Converter  in  the 
Iron  Foundry 

By  George  P.  Fisher,  Harvey,  111. 

Statistical  reports  of  the  American  Iron  and  Steel  insti- 
tute, classifying  the  steel  castings  produced  in  the  United 
States  according  to  the  process  used  for  melting  and  refining, 
contain  the  following  production  figures  in  gross  tons  for 
1916  and  1917: 

1916  1917 

Gross         Per         Gross    •    Per 
Tons        Cent         Tons         Cent 

Open  hearth 1,176,449      8576      1,213,156      84.16 

Converter     142,791      10.41         159,272      11.05 

Crucible    9,351        0.68  3,834       0.26 

Electric   Furnace 42,870        3.12  64,911        4.50 

Miscellaneous     302        0.03  234       0.02 

Totol     1,371,763  1,441,407 

At  the  date  of  this  paper  the  figures  for  1918  have  not 
been  published. 

Each  of  the  three  principal  processes  for  the  manufacture 
of  steel  castings  has  advantages  and  disadvantages  as  com- 
pared with  its  rivals,  and  each  has  its  own  separate  and  dis- 
tinct field  of  operation.  As  shown  by  the  above  figures 
about  84  per  cent  of  the  tonnage  of  steel  castings  is  credited 
to  the  open-hearth  furnace,  11  per  cent  to  the  converter, 
AYj  per  cent  to  the  electric  furnace  and  0.5  per  cent  to  the 
crucible  and  miscellaneous. 

Any  foundry  proposing  to  manufacture  steel  castings 
must  consider  which  process  will  prove  most  economical  and 
satisfactory  for  its  particular  class  of  work.  With  a  proper 
selection  of  raw  materials  and  the  requisite  amount  of  care 
and  skill,  good  castings  can  be  produced  by  all  three  processes^ 

363 
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and  it  is  equally  true  that  without  proper  care  and  skill  very 
poor  castings  can  be  produced  by  any  of  the  processes  men- 
tioned. 

The  Field  of  the  Open-Hearth  Furnace 

Practically  all  heavy  castings,  by  which  we  mean  those 
weighing  from  500  pounds  up,  and  having  sections  of  yi 
inch  or  more,  are  cast  from  open-hearth  metal.  Where  large 
tonnages  are  desired  and  where  the  sections  of  metal  permit 
the  use  of  relatively  cold  steel,  without  excessive  loss  due  to 
misrun  castings,  this  process  is  usually  the  first  choice.  It  is 
considered  essential  for  economical  operation  that  the  furnace 
be  operated  continuously  for  24  hours  per  day  and  when 
conditions  permit  this,  open-hearth  steel  can  be  made  at  a 
lower  cost  than  steel  by  any  other  process.  An  open-hearth 
shop  requires  relativly  more  floor  space  per  ton  of  castings 
produced  because  the  heats  are  larger  and  are  tapped  at 
less  frequent  intervals. 

The  Production  of  Small  Castings 

Steel  foundries  are  classified  roughly  as  those  specializing 
on  heavy  work  and  those  specializing  on  small  light  work. 
In  the  latter  class  we  invariably  find  the  electric  furnace  or 
the  side-blow  converter.  These  two  processes  practically  monop- 
olize this  field  because  of  the  extremely  high  temperature 
attainable  in  the  melted  metal  by  either  of  them.  With  either 
the  electric  furnace  or  the  converter  no  difficulty  is  encoun- 
tered in  tapping  steel  at  from  3000  to  3200  degrees  Fahr.. 
which  permits  the  manufacture  of  castings  weighing  as  little 
as  2  to  3  ounces  each,  and  having  sections  as  light  as  Ji-inch. 
The  modern  steel  foundry  specializing  on  light  work  accepts 
orders  for  castings  which  used  to  be  considered  too  small  and 
intricate  for  any  but  malleable  foundries. 

Electric  Furnace 

The   arc-type   electric    furnace   has   become   an    important 
^or  in  the  steel  casting  industry  since   1915,  during  which 
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year  23,064  gross  tons  of  steel  castings  were  made  in  electric 
furnaces.  Furnaces  of  this  type  are  able  to  produce  metal 
of  sufficiently  high  temperature  to  cast  the  lightest  and  most 
intricate  castings,  and  can  be  operated  with  either  basic  or 
acid  linings.  Because  of  their  neutral  nonoxidizing  atmos- 
phere they  can  use  very  light  scrap  or  even  steel  turnings. 
A  few  electric  furnaces  are  known  to  be  charging  100  per 
cent  scrap  and  borings,  and  all  of  them  are  using  a  very 
high  percentage  of  old  metal,  probably  85  per  cent  or  more. 
A  very  high  degree  of  metallurgical  skill  is  necessary  for 
the  successful  operation  of  an  electric  furnace,  and  for  eco- 
nomical results  the  furnace  should  make  steel  continuously 
for  24  hours  per  day.  Only  by  continuous  operation  can 
reasonable  power  costs  be  maintained,  and  the  cost  of  power 
is  one  of  the  most  serious  considerations  in  producing  electric 
steel.  Even  when  it  can  be  obtained  at  as  low  a  cost  as  1  cent 
per  kilowatt-hour,  the  power  cost  per  ton  of  metal  melted, 
with  good  practice,  is  in  the  neighborhood  of  $6.50  to  $7.50. 
With  poor  practice  the  costs  are  very  much  higher.  Electric 
furnace  manufacturers  publish  figures  showing  that  electric 
furnace  metal  can  be  produced  at  a  cost  about  on  a  par  with 
open-hearth  steel  and  about  1  cent  per  pound  lower  than  con- 
verter steel.  These  figures  no  doubt  hold  good  under  condi- 
tions of  continuous  furnace  operation  and  cheap  power  rates, 
but  certainly  are  reliable  only  under  such  conditions.  The 
initial  investment  for  an  electric  furnace  plant  is  considerably 
greater  than  for  a  plant  of  corresponding  capacity  using  either 
the  open-hearth  or  the  side-blow  converter. 

Advantages  of  the  Side-Blow  Converter 

The  side-blow  converter  is  in  operation  in  about  100 
steel  foundries  in  the  United  States.  It  has  been  used  for  the 
manufacture  of  small  steel  castings  for  nearly  20  years  and  the 
production  of  castings  has  increased  from  14,000  tons  in  1903 
to  159,000  tons  in  1917.  Only  the  electric  furnace  can  com- 
pete with  the  converter  in  producing  temperatures  which  per- 
mit the  casting  of  very  light  sections  and  small  intricate  shapes. 
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The  great  advantage  of  the  converter  over  all  other  proc- 
esses he  in  its  great  flexibility,  ease  of  operation  and  small 
initial  investment.  It  can  be  placed  in  operation  on  an  hour's 
notice  and  can  produce  20  heats  per  day  or  only  two  or 
three  at  practically  the  same  cost  per  heat.  Heats  are  blown  in 
from  12  to  15  minutes  each.  When  not  in  operation  it 
requires  no  attention  and  the  only  costs  against  an  idle  con- 
verter are  depreciation  and  interest  on  investment,  both  of 
which  are  negligible.  The  heats  are  small  and  produced  at 
short  intervals,  permitting  floor  space  to  be  used  over  sev- 
eral times  during  the  day. 

The  usual  charge  in  converter  practice  consists  of  40  to 
50  per  cent  of  pig  iron  and  60  to  50  per  cent  of  scrap.  The 
author  has  seen  a  converter  operated  successfully  on  100  per 
cent  of  steel  scrap  by  adding  ferrosilicon  to  bring  the  silicon 
content  to  the  required  figure.  Because  the  converter  must 
be  operated  with  an  acid  lining,  it  is  necessary  to  purchase 
raw  material  having  a  low  phosphorus   and  sulphur  content. 

The  Side-Blow  Converter  in  the  Iron  Foundry 

Many  plants  operating  an  iron  foundry  have  a  demand  for 
steel  castings.  Where  this  demand  is  intermittent  and  not 
for  a  large  tonnage,  the  side-blow  converter  is  an  ideal  installa- 
tion. The  melting  equipment  for  the  gray  iron  foundry  and  for 
the  converter  steel  foundry  is  the  cupola,  which  is  already 
installed.  When  steel  is  required  the  metal  can  be  melted 
in  the  same  cupola  ahead  of  the  gray  iron  mixture.  The  con- 
verter occupies  very  little  floor  space  and  requires  no  attention 
when  idle. 

In  the  case  under  discussion  we  are  assuming  a  demand 
for  a  small  tonnage  and  in  this  case  initial  investment  is 
worthy  of  serious  consideration.  The  converter  can  be  installed 
and  put  in  operation  for  approximately  one-sixth  of  the  cost 
of  an  electric  furnace  and  one-half  to  one-third  the  cost  for  an 
open-hearth   furnace. 
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Perhaps  the  most  important  factor  is  the  ease  with  which 
a  converter  can  be  operated.  It  is  unnecessary  to  employ  a 
high-priced  furnace  operator  who  is  of  little  or  no  use  when 
there  is  no  demand  for  steel.  The  foundry  foreman  or  any 
intelligent  employe  can  be  trained  in  a  very  few  weeks  to 
operate  a  converter  and  produce  good  steel.  If  only  two 
or  three  tons  of  castings  are  required  per  day  the  time  neces- 
sary to  blow  the  steel  takes  perhaps  an  hour  per  day  of  the 
foreman's  time,  which  interferes  with  his  regular  duties  to  a 
very  small  extent. 

Because  of  the  speed  with  which  steel  can  be  produced 
and  the  high  temperature  of  the  metal  it  is  possible  to  accumu- 
late two  or  three  blows  from  one  converter  in  the  same  ladle 
to  pour  an  occasional  large  casting.  This  is  impossible  by 
any  other  process  for  making  steel  and  is  a  great  advantage  in 
a  shop  where  it  is  impossible  to  predict  what  size  of  casting 
will  be  demanded.  While  large  castings  weighing  several 
tons  each  can  be  made  as  just  described  from  a  2-ton  or  even 
a  1-ton  vessel,  the  converter  finds  its  greatest  application  in 
the  manufacture  of  small  and  very  light-sectioned  castings. 
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By  Dr.  Richard  Moldexke,  Watchung,  N.  J. 

The  presence  of  oxygen  in  the  form  of  a  dissolved  iron 
oxide  in  cast  iron  is  now  accepted  as  a  well  established  fact. 
With  good  pig  iron  and  scrap  and  intelligent  melting  practice, 
the  percentage  of  oxygen  involved  is  so  small  that  it  becomes 
practically  negligible;  but  after  all,  the  art  of  founding  has  its 
limiitations,  and  the  introduction  of  a  lot  of  burnt  grate-bars 
into  the  cupola  charges  by  the  class  of  men  usually  entrusted 
with  this  important  work,  may  mean  a  very  perceptible  oxygen 
content  with  its  attendant  troubles. 

While,  therefore,  the  foundry  man  should  seek  to  avoid  the 
introduction  of  oxygen  into  his  metal,  accidents  in  practice  or  a 
general  insurance  against  oxidation  troubles  make  it  highly  de- 
sirable to  have  at  hand  deoxidizing  media  which  can  be  applied 
readily  and  effectively. 

Where  molten  iron  is  to  be  deoxidized  in  the  ladle  the  best 
form  of  material  to  use  is  undoubtedly  that  of  a  granular 
ferroalloy.  The  affinity  for  oxygen  of  such  metals  as  alumi- 
num, magnesium,  manganese,  etc.,  is  such  that  during  th^  melt- 
ing and  alloying  much  may  be  lost  by  oxidation  in  the  air  before 
entering  the  molten  metal  to  be  treated.  This  accounts  for 
the  use  of  the  ferroalloys  of  these  elements.  Indeed,  the 
melting  point  of  some  of  the  elements  suitable  for  deoxida- 
tion  purposes  is  so  high  that  unless  alloyed  with  iron  they 
could  not  be  introduced  into  molten  cast  iron  at  all.  On  the 
other  hand,  the  melting  point  of  such  easily  oxidized  metals  as 
magnesium  and  sodium  is  such  that  alloying  them  with  molten 
iron  is  a  pretty  dangerous  operation. 

How   to  Add  Ferroalloys 

In  adding  a  ferroalloy  to  a  ladle  of  molten  iron  the 
best  method  is  to  sprinkle  the  granulated  material  on  the  stream 
as  it  issues  from  the  cupola  or  furnace  spout.     The  alloy  be- 

368 

Digitized  by  VjOO^ IC 


Cerium   in    Cast   Iron  369 

comes  red  hot  by  the  time  it  enters  the  ladle  and  assimilates 
readily.  Putting  lumps  of  material  in  the  bottom  of  the  empty 
ladle,  or  introducing  them  after  the  ladle  has  been  filled  always 
permits  of  some  oxidation  and  consequently  loss  of  the  usually 
expensive  alloys,  as  they  will  float  on  the  surface  until  melted 
and  absorbed. 

Until  recently  the  best  known  deoxidizers  were  silicon  and 
manganese  in  the  form  of  high  p«\:entage  ferroalloys.  Ferro- 
titanium  and  f errovanadium  are  more  powerful  in  their  action ; 
the  former  is  more  particularly  useful  for  steel  on  account  of 
its  high  melting  point.  Aluminum  is  very  useful  also  but  unless 
it  is  pure  it  may  produce  bad  consequences.  Magnesium  and 
sodium  as  ferroalloys  are  still  too  unknown  in  the  foundry  to 
count. 

A  recent  addition  to  the  list  is  the  metal  cerium.  As  it 
mehs  at  1180  degrees  Fahr.,  its  ferroalloy  lends  itself  readily 
to  assimilation  in  molten  cast  iron.  Since  cerium  until  recent 
years  was  considered  a  chemical  curiosity,  a  few  facts  about  its 
properties  will  be  of  general  interest. 

What  Cerium  Is 

The  general  source  of  the  metal  is  in  the  Monazite  sands 
of  Brazil  and  India.  These  sands  are  worked  up  for  their 
Thorium  content  (running  up  to  6  per  cent  in  the  Brazilian 
and  9  per  cent  in  that  from  India)  ;  the  nitrate  of  this  metal 
is  used  in  the  manufacture  of  gas  mantles.  Monazite  sands 
also  contain  about  60  per  cent  of  the  oxides  of  the  rare  earth 
metals,  principally  of  the  cerium  group.  This  group  also  in- 
cludes the  rare  elements  lanthanum,  samarium,  and  neo  and 
praseodymium.  In  addition  there  is  a  small  percentage  of 
yttrium.  These  elements  are  obtained  in  the  residue  from  the 
preparation  of  the  thorium  nitrate,  and  in  the  subsequent 
chemical  and  electrolytic  processes  used  they  enter  the  cerium 
alloy  forming  what  is  known  as  misch  metal.  The  composi- 
tion of  this  misdi  metal  usually  is  50  to  60  per  cent  cerium,  25 
per  cent  lanthanum  and  15  per  cent  didymium,  samarium,  etc. 
There  will  also  be  about  1  to  2  per  cent  iron  present. 

The  chemical  and  physical  properties  of  these  rare  metals 
are   very   similar,    so   that   the   mixture   as    above   given    will 
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accompHs^h  everything  that  may  be  expected  of  any  one  element. 
To  separate  them,  except  the  cerium,  would  prove  impracticable 
commercially.  While  the  melting  point  of  cerium  is  reason- 
ably low,  those  of  the  concomitant  elements  are  considerably 
higher.  The  melting  point  of  the  misch  metal  may  therefore 
be  taken  at  about  1380  degrees  Fahr.  In  actual  practice  this 
alloy  is  further  diluted  with  iron  to  the  extent  of  30  per  cent, 
so  that  the  melting  point  of  the  alloy  as  added  to  the  molten 
iron  in  the  foundry  is  about  1480  to  1650  degrees  Fahr.,  or 
well  within  the  melting  point  of  cast  iron. 

The  cerium  alloy  known  as  misch  metal  is  soft  graying- 
blue  in  color  and  quite  stable  in  perfectly  dry  air.  It  tarnishes 
slowly  in  moist  air.  It  alloys  readily  not  only  with  iron,  but 
also  with  nickel,  copper,  magnesium,  zinc,  etc.,  and  hence  can 
be  united  with  any  of  these  for  introduction  into  the  respective 
nonferrous  alloys  as  well  as  into  steel  and  iron.  When  made 
into  an  alloy  of  70  per  cent  misch  metal  and  30  per  cent  iron, 
it  is  known  as  an  exceedingly  valuable  "pyrophoric  alloy"  and 
is  used  in  the  manufacture  of  ignition  devices  of  various  kinds, 
used  in  safety  lamps,  cigar  and  gas  lighters,  etc. 

Active  Chemically 

The  cerium  group  of  metals  is  exceedingly  active  chem- 
ically. They  have  a  very  great  affinity  for  oxygen,  and  the 
heats  of  formation  of  the  oxides  run  in  the  range  of  those  for 
aluminum  and  magnesium.  The  result  is  the  liberation  of 
great  quantities  of  heat  besides  the  scavenging  action  on 
the  metal  into  which  the  cerium  alloy  is  introduced.  This, 
besides  purifying  the  metal  before  pouring,  prolongs  the  "life" 
or  fluidity  of  the  metal  very  appreciably.  It  may  therefore  be 
expected  that  castings  will  be  softer  and  more  dense,  as  feeding 
through  the  gates  and  risers  is  prolonged  and  the  formation 
of  combined  carbon  is  retarded  correspondingly. 

The  tests  mentioned  below  were  made  with  gray  and 
chilling  irons,  with  varying  proportions  of  the  cerium  alloy, 
in  order  to  note  what  improvement  might  be  made  in  the 
strength  of  the  castings  as  a  consequence  of  the  additions  in 
question.  Unquestionably  the  deoxidizing  action  was  excellent, 
but  whether  any  beneficial  results  other  than  greater  machin- 
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ability  and  soundness  can  be  obtained  will  remain  for  further 
investigation. 

In  making  additions  to  a  ladle  full  of  molten  iron,  ex- 
perience shows  that  about  0.1  per  cent  of  the  clement  to  be 
experimented  with  should  be  sufficient  to  eflfect  deoxidation, 
and  usually  none  of  the  element  can  be  traced  in  the  casting 
unless  at  least  that  amount  is  used.  If  the  percentage  is  in- 
creased the  excess  of  the  element  in  question  above  the  quan- 
tity necessary  for  deoxidation  will  alloy  with  the  iron  itself 
and  may  or  may  not  give  additional  beneficial  properties  to  the 
metal.  Hence  in  the  tests  made,  the  additions  amounted  to 
0.05,  0.10  and  0.15  per  cent  cerium,  lanthanum,  etc.  These 
figures  are  based  upon  an  alloy  containing  70  per  cent  of  the 
rare  metals  in  question. 

Results   of   Tests 

The  first  series  of  tests  was  with  an  all  pig  iron  mixture, 
the  analysis  of  the  castings  being  silicon,  2.70;  sulphur,  0.07; 
manganese,  0.60,  and  phosphorus,  0.64  per  cent. 

The  results  given  are  the  average  of  four  standard  test 
bars  of  lj4-inch  diameter  in  each  case. 

Transverse  Strength  Deflection 
Pounds  Inches 

No    Cerium,    lanthanum,    etc.    added  2090  0.11 

0.05    Cerium,   lanthanum,    etc.   added  2450  0.12 

0.10   Cerium,   lanthanum,   etc.   added  2660  0.13 

0.15    Cerium,   lanthanum,   etc.    added  2840  0.13 

The  next  series  was  from  a  60  per  cent  pig  and  40  per 
cent  scrap  mixture.  It  was  good  soft  machinery  iron,  with  an 
approximate  analysis  of  silicon,  2.40;  sulphur,  0.10;  manganese, 
0.55,  and  phosphorus,  0.68  per  cent.  The  resuks  given  are  the 
average  of  four  standard  test  bars  in  each  case. 

Transverse  Strength  Deflection 
Pounds  Inches 

No     Cerium,    lanthanum,   etc.   added  2740  0.09 

0.05    Cerium,    lanthanum,   etc.   added  3110  0.10 

0.10   Cerium,   lanthanum,    etc.   added  3240  0.11 

0.15    Cerium,   lanthanum,   etc.   added  3280  0.13 

The  final  series  was  made  from  remelted  car  wheels,  giving 

close-grained  iron  castings.    The  analysis  approximated :  silicon, 

0.55;    sulphur,   0.13;   manganese,   0.40,    and    phosphorus,   0.40 
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per  cent.    The  results  given  are  the  average  of  four  standard 
test  bars  in  each  case. 

Transverse  Strength  Deflection 
Pounds  Inches 

No     Cerium,   lanthanum,    etc.    added  3790  0.11 

0.05   Cerium,    lanthanum,    etc.    added  4080  0.14 

0.10   Cerium,   lanthanum,   etc.    added  4190  0.15 

0.15  Cerium,  lanthanum,  etc.  added        Bars  defective 

The  standard  1^-inch  round  test  bars  were  cast  into  cores 
standing  vertically  with  top  pour.  The  cores  were  parked  in 
a  mold  bedded  in  the  floor,  the  bottom  being  caerfully  pre- 
pared with  crushed  coke  and  a  thin  cover  of  molding  sand. 
The  sand  between  the  cores  was  well  vented,  yet  in  spite  of  all 
precautions,  the  last  set  proved  insufficiently  so  for  the  0.15 
cerium  addition,  and  the  bars  were  imperfect. 

Effect  of  Artificial  Cooling 

Chill  blocks  were  cast  from  each  ladle  so  that  a  compari- 
son might  be  made  between  normally  set  metal  and  when  arti- 
ficially cooled.  The  results  were  highly  instructive,  as  the 
fractures  indicated  a  prolongation  of  the  setting  period  for 
metal  treated  with  cerium,  as  against  the  untreated  metal. 
Indeed,  observation  was  made  of  a  distinct  heating  up  of 
the  bars  when  passing  the  point  of  recalescence  in  cooling, 
besides  the  heating  up  of  the  molten  metal  in  the  ladles  as  the 
result  of  the  alloy  addition.  This  indicates  that  where  impor- 
tant work  is  made  and  it  is  essential  to  feed  up  well,  that 
cerium  alloy  be  used  or  treated  metal  poured  into  the  risers 
while  pumping,  so  that  the  period  of  feeding  may  be  kept 
up  as  long  as  possible. 

It  was  noted  that  the  chill  tests  of  the  gray  iron 
sets  showed  relatively  softer  metal  and  fractures  with  smaller 
chilled  rims  for  the  treated  material  than  for  the  original  metal 
from  the  same  ladles.  The  remelted  car  wheels  gave  exceed- 
ingly strong  test  bars,  the  treated  ones  considerably  grayer  than 
the  untreated  ones.  The  chill  tests  showed  mottling  for  some 
of  the  treated  metal  whereas  the  untreated  chills  had  abso- 
lutely white  fractures  with  magnificent  crystallization.  The 
conclusion  follows  that  in  deoxidizing  by  means  of  cerium,  as 
with  any  deoxidizer,  the  purified  molten  metal  is  given  a  better 
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chance  to  set  under  natural  condition,  being  relieved  from  a 
too  rapid  freezing  action  with  consequent  formation  of  undue 
amounts  of  combined  carbon.  The  metal,  therefore  becomes 
softer,  is  machined  more  easily,  is  freed  from  gas  and  pin 
holes,  undue  casting  strains  and  has  less  internal  shrinkage 
than  where  the  metal  suffers  from  more  or  less  oxidation 
through  imperfect  melting  practice. 

Tests    Verify    Other    Investigations 

The  above  tests,  made  in  the  foundry  of  the  writer,  were 
undertaken  to  supplement  a  long  series  of  daily  tests  at  the 
Chicago  Hardware  Foundry  Co.,  where  a  uniformly  good  in- 
crease in  strength,  machinability  and  soundness  of  castings  was 
found  as  the  result  of  cerium  additions.  The  results  at  the 
two  foundries  are  about  the  same.  The  interesting  feature  of 
the  analyses  made  is  that  with  additions  of  as  much  as  half 
a  per  cent  of  cerium  none  could  be  found  in  the  castings. 
Evidently  the  avidity  of  cerium  for  oxygen  is  so  strong  that 
after  a  portion  has  been  used  up  in  the  molten  metal,  the 
balance  must  have  been  oxidized  by  continued  contact  with  the 
air  over  the  ladle.  It  is  one  of  the  noticeable  features  of 
the  use  of  this  alloy  that  much  slag  is  taken  from  the  molten 
metal,  partly  through  increasing  the  fluidity  and  the  balance 
from  the  oxidation  products  of  the  alloy  itself.  The  metal 
cerium  and  its  concomitant  elements  lanthanum,  etc.,  seem  to  be 
particularly  powerful  deoxidizing  agents,  whereas  other  deoxid- 
izers  seems  to  have  this  property  limited  up  to  a  certain  point, 
any  excess  remaining  in  the  casting. 

Further  work  will  be  undertaken  to  get  more  light  on  the 
properties  of  this  new  ferroalloy  and  its  effect  on  the  various 
classes  of  cast  iron.  It  is  a  well  understood  axiom  in  foundry 
work  that  the  purer  the  metal  as  delivered  from  cupola  or 
furnace,  the  better  the  chances  for  good  castings..  Hence  any- 
thing that  makes  for  purity,  in  addition  to  taking  every  pre- 
caution to  get  good  stock,  to  melt  it  right  and  to  gate  the  molds 
properly,  is  to  be  welcomed. 
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Discussion — Cerium  in  Cast  Iron 

The  Chairman,  Mr.  W.  A.  Janssen. — Can  cerium  be 
present  as  a  ferrocerium  alloy? 

Dr.  Richard  Moldenke. — Yes,  it  has  to  be,  because 
cerium  alone  is  so  easily  oxidized  that  it  has  to  be  carried  with 
a  large  percentage  of  iron.  This  is  then  added  to  the  ladle 
of  molten  metal.  In  adding  all  these  ferroalloys  to  the  ladle, 
it  should  be  in  powdered  form  and  the  best  way  is  to  sprinkle 
it  on  the  stream  of  molten  iron  as  it  issues  from  the  taphole 
of  the  cupola. 

Mr.  E.  F.  Cone. — I  want  to  ask  if  Dr.  Moldenke  has  given 
the  composition  of  ferrocerium  and  if  there  are  any  other  ele- 
ments in  it  of  importance,  like  titanium? 

Dr.  Richard  Moldenke. — As  far  as  I  know,  only  pure 
iron  is  added  to  the  misch  metal,  as  they  call  it,  and  conse- 
quently the  composition  would  be  iron,  cerium  and  several  other 
metals  of  this  group. 
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Considerations  Affecting  Brass  Melt- 
ing in  the  Gray  Iron  Shop 

By  R.  R.  Clarke,  Seattle 

Melting  stands  high  among  the  particulars  of  brass  prac- 
tice. Representative  experience  will  scarcely  dissent  from  the 
opinion  that  inferior  castings  more  frequently  result  from  incor- 
rect mixing  and  melting  than  from  all  other  causes  combined. 
Molders  make  their  own  scrap ;  furnaces  can  make  everybody's. 

All  reputable  brass  foundries  appreciate  the  significance 
of  melting  and  equip  along  the  lines  and  policies  dictated  by 
experience.  The  iron  shop  making  brass  occasionally  is  not 
so  favorably  situated.  Lack  of  time,  knowledge  or  inclina- 
tion sponsors  neglect  of  the  importance  of  melting  and  often 
forces  the  inevitable  consequence  in  the  castings.  Discussing 
the  question  from  the  iron  viewpoint,  we  can  scarcely  realize 
that  exhaustion  of  detail  so  absolute  to  exclusive  brass  experi- 
ence. We  shall,  however,  aim  to  cover  the  general  features, 
hoping  that  those  interested  may  be  able  of  themselves  to  fill 
in  the  more  important  particulars. 

From  a  melting  standpoint,  nonferrous  is  by  no  means 
ferrous ;  neither  is  an  alloy  of  either  a  combination  of  the  other, 
nor  is  any  alloy  of  any  constituency  identical  with  any  alloy 
of  any  other  composition  or  to  any  one  metal  element  entering 
into  the  composition.  Every  metal  element  has  its  melting 
peculiarities  in  both  single  and  combined  state  and  these  broad 
facts  of  difference  are  fundamentally  requisite  to  results.  With 
them  iron  men  must  strive  to  do  as  brass  men  do,  recognize 
and  reckon  with  these  differences. 

The  subject  may  best  be  discussed  under  its  separate  heads. 
First  let  us  consider  metal  selection  and  mixing  practice.  Com- 
mon practice  among  iron  men  leans  toward  loose  brass  scrap 
of  unknown  composition  and  indefinite  antecedents.  This  ten- 
dency is  a  bad  one  in  that  all  the  constituents  in  the  different 
nonferrous  alloys  are  not  congenial  to  each  other  when  thrown 
together  in  a  conglomerated  mass.  Thus  a  quantity  of  loose 
scrap   containing   some   yellow   brass,    some   red,   some    Tobin 
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bronze,  manganese  bronze,  Muntz  metal,  some  phosphor  bronze 
and  some  aluminum  bronze  for  instance — and  in  indiscriminate 
scrap  it  is  easy  to  find  all  these  types  of  alloy — would  make 
a  bad  metal  to  handle  besides  yielding  physical  properties  in 
the  casting  entirely  unfit  for  any  practical  purpose  in  general. 
Experienced  brass  men  can  fairly  well  judge  brass  scrap  by 
color,  fracture,  etc.,  though  the  best  brass  foundries  go  farther 
than  that  through  analysis  in  their  laboratories.  To  the  average 
iron  foundry  these  advantages  are  denied  so  the  better  policy 
is  to  purchase  and  use  selected  scrap  approximating  known 
composition.  It  would  perhaps  be  better  still  to  purchase  scrap 
brass  ingot  under  analysis;  this  comes  but  slightly  higher  than 
loose  scrap.  In  so  purchasing,  it  is  well  to  patronize  reputable 
sources,  since  not  all  the  firms  making  scrap  ingot  turn  out 
a  high  grade  product.  Scrap  ingot  usually  may  be  divided 
between  that  containing  zinc  or  that  high  in  zinc  and  that 
including  no  zinc  or  low  in  zinc. 

Zinc  is  highly  determinative  of  certain  alloy  qualities.  It 
controls  color,  density,  toughness,  malleability  and  cleanliness 
but  loses  out  in  hardness  and  in  antifrictional  qualities.  Thus 
we  want  zinc  in  golden  color  metals,  in  most  pressure  metals 
and  in  the  softer,  tougher  metals.  But  we  cannot  have  much 
of  it  in  the  harder  metals  or  in  the  bearing  metals.  On  tin 
and  lead  we  must  rely  for  these  respective  requisites. 

If  the  iron  foundries  doing  occasional  brass  work  would 
keep  two  kinds  of  ingots  on  hand,  the  one  inclusive  and  the 
other  exclusive  of  zinc,  and  at  the  same  time  carry  a  limited 
stock  of  virgin  copper,  tin,  lead  and  zinc  they  could  approximate 
at  reasonable  cost  a  high  grade  alloy  of  most  any  desired  con- 
stituency. They  could  do  this  by  adding  one  or  more  new 
metals  at  the  expense  of  others  in  the  ingot  as  the  case  might 
require.  Out  of  an  ingot  approximating  copper  80,  tin  10  and 
lead  10,  which  is  an  excellent  bearing  metal,  they  could  by 
adding  90  pounds  of  copper  and  10  pounds  of  zinc  to  100 
pounds  of  the  ingot  realize  a  high  grade  red  brass  applicable 
to  the  average  purpose.  This  metal  would  approximate  very 
closely  the  formula  copper  85,  tin  5.  lead  5  and  zinc  5,  which 
is  quite  common  and  reputable  in  brass  foundry  work. 
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When  loose  and  indiscriminate  scrap  must  be  resorted  to, 
some  effort  at  least  should  be  made  to  pick  it  over  and  get 
the  best  for  the  more  particular  cases.  The  better  grades  of 
brass  will  usually  be  found  in  such  castings  as  valve  bodies, 
stems,  disks,  bonnets,  glands,  plugs  or  keys;  and  also  in  the 
better  class  of  plumbing  goods,  in  locomotive  steam  castings, 
and  in  most  cases  where  the  casting  is  known  to  have  rendered 
some  particular  red  brass  service. 

In  making  up  alloys  from  new  metals  altogether,  the  order 
of  adding  the  metals  is  important.  The  general  and  safe  rule 
is  to  melt  the  copper  to  a  fair  liquid  state,  add  the  tin  and 
lead  and  finally  the  zinc,  stirring  the  bath  well  during  the  entire 
process  of  adding  all  metals.  The  zinc  should  be  added  in 
small  rather  than  large  pieces  and  thoroughly  stirred  into  the 
bath.  Though  somewhat  foreign  to  the  subject,  a  passing 
glance  at  the  more  common  metals  used  in  brass  alloys  and 
their  effects  on  each  other  might  be  worth  while.  These  metals 
are  copper,  tin,  lead  and  zinc.  An  idea  of  the  function  of  each 
will  appear  in  the  following  table: 


COPPEB 


tin  : 


Pre- 
ralllng 
Color       property 
pale       hardiie  ^ 


-f  tin  -f    reddish      medium 
letd  -1-  hard 

zinc  =  strong 

and 
tough 
-f  tin  +    reddiRh        hard, 
zlne  =  strong, 

tough 


Oxidizing 

tendency 

s:ron3 


+  lead  =r    grayish       plastic         s  rong 

+  tfaic  =     yellow         soft 

and 

tough 

+  tin  -f-       pale        medium 

lead  =  hard 

and 

strong 


by  zinc 
strong 


Common 

Fracture            Alloy  Uses 

fine        cop.  80.  tin  30  Bells 
cop.  83  H. 

tin  16M 

medium    cop.  70,  lead  30  B?aringi  and 

coarse     cop.  50.  lead  50  steam  packini 
nne       cop.  70.  zinc  30  Tubing,  ibeetini;, 

cop.  eeVi.  omamenul  and 

zinc  33  V6  rolling  mill  worl( 


mfdiiun 
flne 


pbonK  — 


pale 


hard 
brittle 


cop.  80.  tin  10.         Bearings 

lead  10 
cop.  78.  tin  7. 

lead  13 
cop.  80.  tin  8, 
lead  12 
controlled    snmewhit    cop.  85.  tin  5. 
by  zinc        irystal-       lead  5.  itinc  ."» 

iiiic      cop.  8(J.  tins M:.         meuls 
lead  .'^H.  line  7 

strong         crystal-     cop.  88.  tin  10.     Bushings,  large 
and  line  zinc  2  valres.  gear 

proportionate  cop.  87,  tin  8,  wheeb 

to  zinc  zinc  5 

completely        flne        cop.  90.  These  allo.-s  are 

dominated  phosphorut  10  never  used  excrpt 

by  pboB-  cop.  85.  as  concentrates 

phonis  phosphorus  15      to  faclliUte 

introducing 

phosphorus  into 

the  differsnt 

alloyi 
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Contamination  is  a  great  evil  in  a  brass  alloy  and  of  these 
contaminating  metals  none  is  more  detrimental  than  iron.  The 
eternal  vigilance  of  the  brass  foundry  man  is  required  to  keep 
iron  strictly  out  of  his  alloys.  From  this  simple  fact  iron 
foundries  can  learn  a  valuable  lesson  in  the  use  for  brass  pur- 
poses of   furnaces,  ladles,  gates,  stirring  rods,  etc. 


a- 


Opening  to  Air 
Ci?aml>er  lead/no 
to  rurnoce  Stac/r 


Bottom  t^uei 
Surface 


Grate  J3ar 

tvrAio.  SOOCri/c/We 
Other  Sizes  of 
Crucil>ie  Proportibnote 


Klfi.    1— A    DESION    FOR    A    8IMPLK    CRLTIBLE-TYPB    N0NFERK0U3    BOLTING    FURK^CB 

The  second  consideration  is  the  melting  medium.  For 
brass  melting  we  have  as  a  possibility  the  use  of  crucibles  in  a 
pit  furnace  with  either  natural  or  forced  draft.  The  air  and 
oil  furnace,  the  gas-fired  furnace,  the  electric  furnace  and  in 
some  cases  the  cupola,  also  are  employed.  Pit  melting  with 
proper  equipment  is  very  efficient  but  at  the  same  time  expen- 
sive, due  to  the  crucible  item.     It  takes  more  than  a  mere  hole 
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in  the  ground  lined  up  with  fire  brick  and  connected  with  a 
stack  to  make  a  good  pit  furnace.  Certain  dimensions  and  rela- 
tions must  be  observed  as  shown  in  Fig.  1,  which  is  taken  from 
a  very  satisfactory  furnace  used  by  the  author  for  years.  Good 
practice  in  pit  melting  consists  in  a  substantial  bottom  bed  of 
coke,  in  keeping  the  crucible  in  a  centrally  standing  up  position, 
in  being  careful  to  keep  the  coke  from  covering  or  falling  into 
the  melting  or  molten  metal  and  in  protecting  at  all  times  the 
surface  of  this  metal  from  the  oxidizing  influence  of  the  atmos- 
phere and  from  the  gases  of  combustion.  One  of  the  best 
known  and  efficient  protectives  against  these  is  common  char- 
coal pounded  up  into  small  pieces  and  placed  in  goodly  quantity 
over  the  metal  surface.  Another  common  practice  is  to  use 
pulverized  glass  which  fuses  and  forms  an  almost  seamless 
covering. 

Pit  melting  expense  can  be  greatly  reduced  by  proper 
care  of  crucibles.  In  this  connection  the  following  will  be 
found  valuable: 

1. — Crucibles  should  be  kept  in  a  warm,  dry  storage  room. 

2. — When  not  in  use  for  any  length  of  time  they  should  be 
returned  to  this  storage  room. 

3. — ^They  should  always  be  properly  annealed  before  entering 
the  furnaces. 

4. — Proper  annealing  consists  in  a  very  slow  raising  of  the 
temperature  to  at  least  150  degrees  Cent.  The  applied  temperature 
should   likewise   be   uniformly   distributed. 

5. — ^They  should  be  given  careful  protection  in  poking  the  fire. 

6. — Pigs  or  chunks  of  solid  metal  should  never  be  placed  in 
wedging  form  into  crucibles. 

7. — Heels  of  metal  should  not  be  permitted  to  freeze  up  in 
them. 

8. — Tongs  should  be  made  and  kept  in  such  condition  as  to 
lift  the  crucible  without  squeezing  it  unduly  or  at  any  one  point 

9. — Using  the  top  edge  of  a  crucible  as  a  lever  fulcrum  by 
which  to  lower  heavy  pieces  of  metal  or  throwing  chunks  of  metal 
into   crucibles   carelessly  is    destructive   practice. 

10. — Direct  contact  of  flame  on  a  crucible  not  annealed  or  on 
one  in  process  of  annealing  is  superlatively   injurious. 

11. — ^When  melting  by  air  and  oil,  an  end  to  be  striven  for  is 
to  avoid  striking  the  crucible  with  the  air  and  oil  jet  or  flame. 
Such   practice   scores    the    crucible    away   rapidly. 
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Pit  melting  by  gas  instead  of  coke  is  quite  practicable 
though  dependent  largely  on  facility  and  cost  of  fuel  supply. 
Insofar  as  metal  results  are  concerned  there  seems  to  be  little 
if  any  difference. 

Air  and  oil  melting  is  the  decided  tendency  of  the  day. 
Properly  executed  it  is  an  efficient  and  convenient  method,  com- 


Correcf  Posifion 
after  Pof6eff/e3 


Incorrect  Position 
after  Pot  Seft/e3 


Kid. 


i:ri  i:(T  of  i.mi'Koi»kk  firing  in  a  ckucible  mklting  furnack 


paratively  inexpensive.  There  is  much  about  it,  however,  to 
engage  judgment  and  common  sense.  Primarily  essential  is 
%  proper  and  dependable  auxiliary  equipment.  This  lies  at  the 
very  foundation  of  successful  manipulation.  Good  air  supply 
is  represented  by  ample  volume  but  not  too  great  pressure. 
The  proper  flame,  and  consequently  the  correct  propor- 
tions, of  air  to  oil  are  best  judged  by  color.  A  flame  too 
white  or  clear  or  one  tinged  with  green  is  oxidizing  and  decid- 
edly detrimental.  Personally,  we  prefer  a  soft  flame,  clear  and 
all  but  smokeless  yet  not  absolutely  void  of  a  remote  yellow 
suggest! veness.     The    temptation    to    conserve    oil    is    always 
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strong  but   it   is   well   to   remember   that   oil    is   cheaper    than 
metal  when  the  conserving  desire  becomes  unwisely  active. 


Selection  of  the  Furnace 

The  different  makes  of  air  and  oil  furnaces  are  many, 
and  for  the  most  part  reputable.  In  stating  a  preference  we 
base  our  opinion  entirely  on  the  results  we  have  obtained 
from  the  object  of  our  partiality.  Nor  do  we  presume  to  inti- 
mate that,  given  the  same  careful  study  and  attention  for  the 
same  time,  other  makes  of  furnace  would  not  have  yielded 
results  equally  satisfactory.  We  prefer  the  Schwartz  furnace 
because  in  our  present  position  we  inherited  it,  studied  it  and 
realized  the  very  best  results  from  it.  With  a  Rockwell  or  a 
Monarch,  for  instance,  we  have  little  doubt  but  that  we  could 
have  made  a  similar  showing,  as  others  have  done  with  them. 
In  every  detail  we  have  found  the  Schwartz  eminently  satisfac- 
tory and  have  melted  all  kinds  of  alloys,  of  scrap  and  different 
metal  elements  with  a  very  low  percentage  of  impaired  metal. 
For  a  long  time  now  we  have  melted  exclusively  in  Schwartz 
furnaces  and  cannot  see  that  any  other  types  of  furnaces  or 
methods  of  melting  could  have  given  any  better  results.  They 
must,  however,  be  given  careful  attention  in  which  the  following 
points  are  chiefly  important: 

Furnace  Operation 

1. — Keep  them  scrupulously  clean.  Slag  out  and  clean  well 
after    every    heat. 

2. — See  that  no  sutures  or  bare  spots  are  allowed  to  exist 
in   the   lining. 

3. — Do  not  permit  undue  accumulation  of  slag  on  the  molten 
metal. 

4. — Watch  the  flame  closely  seeking  to  realize  a  good  reducing 
flame  not  too  violent. 

5. — Use  a  good  grade  of  oil. 

6. — Do   not   allow   the   air   to   be   on    while   the   oil   is   off. 

7. — In  nlelting  large  heats  change  the  position  of  the  furnace 
frequently  by   rocking   it. 

8. — Never  expose  the  metal  to  the  flame  a  moment  after  the 
proper  metal  temperature  has  been  reached.  Soaking  metal  is  one 
of  the  primary  evils   of   melting. 
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9. — Melt  and  dispose  of  the  metal  as  quickly  as  possible. 

10. — Strive  as  far  as  practicable  to  keep  charcoal  on  the  metal 
surface,  especially  during  the  period  from  its  first  molten  state  up 
to    its   pouring   temperature. 

11. — After  the  metal  has  been  reduced  to  a  fairly  liquid  state, 
open  the  furnace,  skim  off  the  accumulated  slag  and  dross,  throw 
on  a  good  sized  shovelful  of  coarse  charcoal,  and  then  restart  for 
heating  up  to  proper  temperature.  Other  than  this  no  interruption 
should  oc<iur   in   the   melting  process. 

12. — When  transferring  metal  from  the  furnace  to  the  mold, 
ladles  should  be  clean,  well  preheated  and  the  metal  surface  always 
should   be    covered   with   a   fresh    layer    of   pounded    charcoal. 

The  Electric  Furnace 

Involving  the  essentials  and  meeting  the  conditions  of 
orthodox  doctrine  in  brass  melting,  the  electric  furnace  repre- 
sents the  ideal  possibility.  Though  now  beyond  its  experimental 
stage  and  making  long  strides  toward  a  stable  basis,  so  far 
as  we  have  been  able  to  learn,  it  has  yet  to  attain  its  perfected 
practical  state.  When  it  does  reach  that  point  in  dependability, 
in  facility,  in  cost  of  upkeep  and  of  melting,  etc.,  all  other 
methods,  we  believe,  will  become  secondary  considerations. 

Cupola  melting  has  never  been  favorably  considered  by 
brass  men.  It  is  nevertheless  possible  and  in  some  cases  prac- 
tical. We  have  personally  found  it  so  in  melting  down  foundry 
sweepings,  screenings,  etc.,  and  we  know  high  grade  manganese 
bronze  to  have  been  made  in  the  cupola.  In  making  this  metal 
the  copper  only  was  melted  by  cupola  and  the  zinc  stirred  into 
the  hot  copper  bath  after  the  latter  was  drawn  out  into  the 
ladle.  It  is  scarcely  necessary  to  add  that  only  large  heats 
were  thus  melted. 

Metal  Temperatures  and  Protection 

Next  we  strike  the  question  of  metal  temperatures  and 
metal  protection,  the  latter  including  the  important  question 
of  fluxes  and  reagents.  All  these  can  be  best  considered 
jointly.  The  two  great  evils  attending  brass  melting  are 
oxidation  and  gas  absorption.  The  former  will  be  best  under- 
stood from  the  statement  of  the  fact  that  practically  all  known 
metals  at   certain   temperatures   combine   rapidly   with   oxygen, 
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producing  either  an  oxidized  metal  or  a  complete  metal  oxide. 
To  oxidize  really  means  "to  combine  with  oxygen"  and  is  in 
many  respects  synonymous  with  the  common  expression  **to 
bum." 

The  difference  between  "oxidized  metal"  and  metal  oxide 
we  observe  as  that  between  a  metal  only  partially  oxidized  and 
one  completely  oxidized.  In  the  one  case  we  have  as  it  were 
a  "scorched"  metal,  in  the  other  a  metal  completely  burned  to 
dross  or  ashes.  Oxidation  is  a  consequence  chiefly  of  contact 
with  the  atmosphere  which  is  a  mechanical  mixture  of  oxygen 
and  nitrogen.  Oxidation  increases  with  temperature,  with 
exposure  and  with  time.  To  minimize  oxidation  in  melting 
then  means  to  get  the  metal  no  hotter  than  necessary,  keep 
its  surface  well  protected  from  the  atmosphere  and  get  it  out 
of  the  furnace  and  poured  on  short  order  as  soon  as  it  is 
ready.  Oxidation  causes  weak,  drossy  and  spongy  metal,  wholly 
unfit  for  any  general  purpose.  Many  castings  are  lost  and 
many  others  fail  in  service  by  it. 

What    Gas   Absorption    is 

Gas  absorption  consists  in  the  taking  up  of  gases  by  molten 
metal  at  high  temperatures  and  releasing  them  in  the  process 
of  solidification.  The  active  and  expelling  stage  of  these  gases 
is  strong  in  the  plastic  state  of  the  metal  and  results  in  a  most 
distressing  honey-combed  and  porous  effect  in  the  casting. 
Though  given  considerable  study  by  both  practical  and  technical 
men,  the  nature  and  origin  of  these  gases  have  not  been  defi- 
nitely determined  or  at  least  agreed  upon.  That  they  are  allied 
more  or  less  intimately  with  oxides  and  oxidation  seems  fairly 
certain  since  they  arise  from  similar  conditions  and  respond  to 
like  cures,  in  part  at  least.  A  fairly  complete  discussion  of 
their  nature,  cause,  prevention  and  remedy  will  be  found  on 
page  121  of  the  March,  1919,  issue  of  The  Foundry  and  those 
interested  may  find  this  discussion  of  value.  It  is  only  neces- 
sary here  to  remark  that  this  condition  is  usually  characterized 
by  a  swelling  up  of  the  gate  head  in  cooling  and  follows  such 
evils  as  poor  grades  and  bad  combinations  of  metals,  dirty 
and  slag-polluted  furnaces,  damp  furnace  and  ladle  linings,  poor 
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grades  of  fuel,  soaking  the  metal,  and  extremely  high  pouring 
temperatures. 

The  rule  is  fairly  general,  though  not  infallible,  that  a 
correct  pouring  temperature  will  not  seriously  admit  the  evil 
even  though  the  metal  at  that  temperature  represent  a  reduc- 
tion from  a  higher  one.Oxidation  is  the  brass  man's  inevitable 
curse.  He  cannot  escape  the  atmosphere  nor  the  chemical  reac- 
tions it  induces.  True  there  is  much  he  can  prevent,  but  despite 
the  greatest  caution  much  will  ever  develop  and  remain  to  be 
cured.  The  cure  lies  in  the  fluxes  which  are  of  two  kinds, 
neutral  and  active,  representing  respectively  those  that  do  not 
become  a  corporate  part  of  the  metal  nor  alter  its  inherent 
properties  and  those  that  do.  Of  the  neutrals,  the  most  com- 
mon are  charcoal,  plaster  of  paris,  and  common  salt  used 
principally  as  surface  coverings.  Personally  we  use  nothing 
but  charcoal  and  find  that  it  proves  amply  sufficient. 

Function  of  Charcoal 

A  word  explaining  its  function  is  worth  while.  Charcoal 
is  carbon  and  at  its  "kindling"  temperature  has  a  great  affinity 
for  oxygen.  Oxides  floating  on  the  surface  of  the  metal  are 
combinations  of  oxygen  and  metal.  The  function  and  power 
of  charcoal  is  to  take  up  the  oxygen  of  the  oxide  and  leave 
the  metal  clean  and  clear.  This  it  does  admirably,  besides 
forming  a  protective  covering  to  exclude  the  atmosphere. 
Charcoal's  greatest  value  is  in  the  burning  which  represents 
the  chemical  reaction  or  oxidizing  process.  Obviously  then 
the  top  of  the  metal  in  the  ladle  should  be  well  covered  during 
pouring,  with  charcoal  in  burning  state.  Once  burned  to  ashes 
its  function  practically  ceases.  Our  charcoal  bill  is  always 
high  but  our  castings  are  for  most  part  sound. 

Active  fluxes  are  sometimes  referred  to  as  reagents  and 
deoxidizers.  Always  they  are  highly  oxygenating  substances. 
Most  common  among  them  are  zinc,  phosphorus,  silicon,  mag- 
nesium and  manganese.  But  three  of  these  will  require  com- 
ment here,  they  being  the  most  widely  used  and  covering 
general  requirements.  If  we  melt  pure  copper  and  pour  it  into 
molds,    chances    greatly    favor    its    rising    and    flowing    back 
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through  the  pouring  gate,  resulting  in  a  porous  and  oxidized 
condition  in  the  casting.  If  to  this  pure  copper,  we  add  3  per  cent 
of  zinc,  or  l^  of  1  per  cent  of  phosphorus,  or  a  small  amount 
of  silicon  the  evils  will  at  once  be  corrected.  In  the  copper 
tin-lead  alloys,  zinc  or  phosphorus  only  are  used,  silicon  being 
accorded  no  standing.  Zinc  is  seldom  used  for  deoxidizing 
purposes  exclusively  while  phosphorus  usually  is.  The  reason 
is  that  in  a  great  many  alloys  zinc  is  used  for  the  quality  it 
supplies  and  because  its  presence  obviates  the  need  of  any 
further  reagent.  With  phosphorus,  this  is  not  the  case.  It  is 
used  purely  as  a  deoxidizer  in  those  alloys  from  which  zinc 
and  its  qualities  are  barred.  Zinc  quality  is  wanted  in  pres- 
sure-resisting metals,  so  it  forms  an  equal  part  with  tin  and 
lead  in  the  85  copper  alloy.  It  is  not  wanted  in  a  bearing 
metal,  so  the  80-10-10  copper,  tin,  lead  alloy  is  fixed  up  with 
from  0.5  to  1  per  cent  of  phosporus.  The  use  of  both  zinc 
and  phosphorus  in  the  same  alloy  is  considered  bad  practice, 
especially  high  percentages  of  either.  Used  purely  as  a  deoxi- 
dizer from  2  to  5  per  cent  of  zinc  and  from  0.25  to  1  per 
cent  of  phosphorus  will  suffice  for  the  average  purpose. 

Zinc  and  Phosphorus  Burn  Out 
With  high  temperatures  and  repeated  remelting,  both  zinc 
and  phosphorus  burn  out  of  the  alloy.  In  melting  all  scrap 
it  is  therefore  good  practice  to  add  small  quantities,  from 
1  to  2  per  cent  of  zinc  and  0.1  to  0.25  per  cent  phosphorus,  to 
reciprocate  that  lost  and  control  the  oxides.  In  the  case  of 
zinc  this  is  invariably  our  practice.  Phosphorus  is  added  to  the 
alloy  in  the  form  of  a  concentrate  which  itself  is  an  alloy 
of  either  phosphorus  and  copper  or  phosphorus  and  tin  and 
known  respectively  as  phosphor-copper  and  phosphor-tin.  The 
use  of  either  presupposes  wideawake  figuring.  Phosphor-cop- 
per is  usually  copper  85  per  cent  and  phosphorus  15  per  cent. 
To  get  1  per  cent  of  phosphorus  consequently  means  the  use 
of  6  2/3  pounds  of  phosphor-copper ;  and  to  make  a  100-pound 
mix  reading  copper  79,  tin  10,  lead  10,  phosphorus  1  requires 
copper  7i  1/3,  tin  10,  lead  10,  phosphor-copper  6  2/3  pounds. 
Relying  on  phosphorus  as  a  cure-all  for  loose  melting 
practice  is  bad  policy  and  it  should  be  resorted  to  at  times  and 
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in  quantity  only  as  unavoidable  conditions  require.  Silicon 
is  used  almost  exclusively  with  pure  copper  to  reduce  its  gases 
and  oxides.  In  practice  we  have  never  reduced  its  quantity 
to  a  percentage  basis  relying  instead  on  judgment  as  influenced 
by  varying  conditions  of  melting  and  prompted  by  the  appear- 
ance of  the  molten  copper  mass.  The  use  of  manganese  and 
magnesium  is  not  widespread.  Charcoal  is  not  a  logical  flux 
for  aluminum  which  does  better  under  chloride  of  zinc. 


The  Question  of  Pouring  Temperature 

On  the  pouring  temperature  depends  largely  the  cleanliness 
and  solidity  of  brass  castings.  No  wide  margin  lies  between 
a  proper  temperature  and  one  too  low  or  too  high.  Generally 
it  is  better  to  pour  hot  than  cold,  though  the  consequences 
of  either  extreme  are  equally  distressing.  From  cold  metal 
come  bad  shrinking,  drawing,  drossy  and  spongy  metal  and 
improper  metal  unions  between  different  casting  sections. 
From  metal  too  hot  arises  the  porous  and  honeycombed 
effect  caused  by  the  dreaded  gases. 

To  discuss  pouring  temperature  at  length  is  not  within 
the  province  of  this  paper.  In  passing  we  pause  to  point  out 
an  important  particular,  namely  that  there  is  a  heavy  loss  of 
temperature  between  the  furnace  and  the  mold  with  the  mold 
the  determinate  point  and  that  the  more  this  loss  can  be 
reduced  by  well  preheated  and  clean  ladles,  by  rapid  disposition 
of  metal,  etc.,  the  better  the  results  will  be.  It  is  a  fundamental 
principle  of  good  brass  melting  practice  to  get  the  metal  no  hot- 
ter than  necessary  and  hold  it  no  longer  than  absolutely 
required. 

Summing  up  this  paper  we  note  the  following: 

1. — Good   metal   is   essential   to   good   castings. 

2. — Unknown  scrap  indiscriminately  used  can  never  be  trusted 
to  produce  a  clean,  solid  casting. 

3. — Percentages  of  new  metal  along  with  scrap  greatly  improve 
quality. 

4. — Whatever  the  melting  method,  dependable  equipment  and 
right  ways  of  doing  things  are  indispensable  requisites. 

5. — Iron  must  be  kept  strictly  out  of  brass. 
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6. — Brass  can  be  melted  by  pit-crucible  furnace,  air  and  oil 
furnace,  electric  furnace  and  by  cupola.  Present  day  practice  is 
largely  air  and  oil. 

7. — Cleanliness  of  furnaces,  ladles,  etc.,  makes  for  metal  quality. 

8. — Slag  is  distinctly  detrimental. 

9. — Rapid  melting  and  quick  disposition  of  metal  favors  results. 

10. — A  reducing  flame  is  a  melting  flame  with  a  minimum  of 
oxidation  and  represents  correct  proportions  of  air  and  oil  at  prop- 
er  pressure.     Its   color    is   white,   remotely   yellow. 

11. — ^An  oxidizing  flame  melts  and  oxidizes  seriously.  Its  color 
is  extremely  pale  intermingled  with  green  and  the  flame  is  very 
thin. 

12. — Good  fuel  is  a  melting  asset. 

13. — Holding  (soaking)  metal  in  the  furnace  following  its 
readiness   is  among  the  worst  of  evils. 

14. — ^Absorption  of  gases  originates  chiefly  in  high  metal  tem- 
peratures in  the  furnace  and  at  pouring.  Pouring  temperature 
is  therefore  an   important  item. 

15. — Oxidation  derives  mainly  from  atmospheric  contact  and 
increases  with  time,  temperature  and  surface  exposed.  Its  prevention 
lies  in  the  protection  given  the  metal  surface  and  in  the  neutral 
fluxes.    Its  cure  lies   in  the  active  fluxes   or  deoxidizers. 

16. — Charcoal  has  an  indispensable  value  in  preventing  and 
reducing  surface  oxides.  It  should  be  generously  resorted  to  as  a 
covering. 

17. — Phosphorus,  zinc  and  silicon  are  the  more  common  deoxi- 
dizers. With  pure  copper  any  one  can  be  used  when  not  otherwise 
barred.  Phosphorus  and  zinc  are  used  chiefly  for  the  alloys,  the 
former  occurring  principally  in  those  to  which  the  latter  is  not 
included.  In  most  any  alloy  not  too  high  in  zinc,  copper  88,  tin  10 
and  zinc  2,  for  instance,  a  mere  trace  of  phosphorus  makes  for 
cleanliness  and   solidity  of   the   casting. 

18. — Lead  and  copper  mix  very  imperfectly.  Alloys  containing 
more  than  10  per  cent  lead  should  therefore  be  stirred  vigorously 
in  pouring  to  insure  a  uniform  mixture. 

19. — To  slag  out  furnaces  use  lime,  fluorspar,  soft  coal,  oyster 
shells  or  common  charcoal. 

20. — Alloys  containing  phosphorus  sand-burn  the  casting  severe- 
ly if  poured  too  hot. 

21. — Furnaces  slag  out  well  with  lime,  fluorspar,  soft  coal,  char- 
coal or  oyster  shells. 

22. — Prevention  in  melting  is  better  than  cure. 
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Weeks'  Electric  Rotating  Furnace  as 

Applied  to  the  Brass  Foundry 

Industry 


By  F.  J.  Ryan,   Philadelphia 

Philadelphia  in  1908  saw  the  birth  of  the  rocking  electric 
furnace  idea  applied  to  the  problem  of  brass,  zinc  and  non- 
ferrous  alloys.  To  Charles  A.  Weeks,  a  Philadelphian,  must 
go  much  of  the  credit  for  both  the  conception  and  the  solution 
of  the  problem  because  of  his  untiring  efforts  in  the  face  of 
unusual  obstacles. 

To  see  how  clearly  Mr.  Weeks  seemed  to  have  sensed  ^ 
solution  of  the  electric  brass  furnace  problem,  we  have  only  to 
inspect  the  equipment  shown  in  Fig.  1  which  might  readily 
be  mistaken  for  a  photograph  of  a  modern  installation,  whereas 
it  was  taken  nearly  10  years  ago  at  the  works  of  the  General 
Electric  Co.  where  Mr.  Weeks  carried  out  many  tests  in  co- 
operation with  the  designing  engineers  of  the  same  organization. 
Some  of  the  zinc  ingots  produced  can  be  seen  on  the  plat 
form  at  the  side  of  the  furnace.  Comparison  of  the  original 
furnace  with  the  present  design  as  shown  in  Fig.  2  shows  only 
a  general  refinement  and  solution  of  operating,  and  mechan- 
ical problems  without   radical  changes  in  the  basic  thought. 

Two   Vital  Problems 

Brass  melting  presents  two  vital  problems:  Segregation  and 
volatilization  of  zinc. 

Segregation  results  from  the  different  fusion  or  melting 
temperatures  of  the  different  alloys.  In  other  words  if  you 
have  three  alloys,  each  with  a  different  melting  or  mixing  point, 
you  will  find  that  at  the  time  when  the  material  with  the  lowest 
melting  point  has  become  liquid,  the  other  two  are  still  slug- 
gish and  will  not  combine  unless  some  method  of  stirring  is 
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resorted  to.  On  this  account  in  a  still  bath  hand  stirring  or 
rabbling  must  be  resorted  to,  or  else  sufficient  heat  to  bring  all 
the  constituents  to  the  combining  temperature  must  be  applied. 
In  such  cases,  however,  the  zinc  has  reached  a  point  where  it 
becomes  volatile  and  a  large  part  passes  off  as  gas. 

A    solution    for    this   condition    in    an    electric    furnace   is 
automatic  stirring  whereby  the  surface  exposed  to  the  arc  is 


FIG.  1— WEEKS'  ELECTRIC  KOTATINT.  BRASS  KL'KNACK  OK  AN  EAHLY  TYPE 

continually    changed.      The    revolving    furnace    is    designed    to 
accomplish   this   result. 

It  has  always  been  recognized  that  a  great  advantage  would 
be  gained  if  the  heat  could  be  applied  at  both  the  top  and 
bottom  of  the  charge.  Mr.  Weeks  seems  to  have  secured  this 
result  in  his  first  experimental  furnace.     He  secured  both  the 
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result  mentioned  and  .obtained  a  mechanical  means  of  stirring 
the  bath. 

How  Bottom  Heat  is  Secured 

The  application  of  bottom  heat  is  obtained  through  the 
absorption  value  of  the  refractory  lining;  that  is,  the  lining 
section  exposed  directly  to  the  electric  arc  absorbs  a  large 
amount  of  heat  and  when  this  in  turn  becomes  the  hearth  as 
the  furnace  rotates,  it  gives  out  the  absorbed  heat  to  the  charge 
from  the  bottom.  With  the  steady  alternation  of  the  hearth 
against  the  charge  there  is  a  continual  application  of  heat. 
While  this  alternation  is  going  on,  the  charge  is  stirred  by  the 
movement  of  the  furnace  body.  Further,  by  the  alternation  of 
the  exposed  refractories,  the  wear  from  burning  or  fusing  from 
the  high  heat  of  the  arc  is  reduced  to  a  minimum. 

Briefly,  without  going  into  technical  results  which  cover  a 
wide  field  and  would  take  a  large  amount  of  space,  it  can  be 
seen  from  practical  observation  that  through  the  simple  dis- 
covery of  Mr.  Weeks,  important  problems  in  the  field  of  brass 
foundry  melting  have  been  solved,  at  least  until  such  a  time 
as  our  ever  changing  mechanical  and  chemical  applications 
bring  to  us  some  new  discovery. 

In  the  following  paragraphs  will  be  reviewed  briefly  the 
principal  details  in  connection  with  the  construction  and  method 
of  op)erating  this  equipment. 

Furnctce  Lining 

All  available  refractory  materials  applicable  to  this  type 
of  furnace  equipment  have  been  experimented  with  and  while 
fair  success  resulted  from  the  use  of  9-inch  clay  blocks  with  a 
6-inch  layer  of  electrically  fused  magnesite  mixed  with  china 
clay  and  boric  acid,  it  was  finally  decided  to  recommend  for  the 
present  a  special  silica  lining. 

The  blocks  composing  this  lining  are  reduced  to  a  mini- 
mum with  a  proper  allowance  for  shrinkage.  Actually,  the 
circular  section  is  composed  of  six  interlocking  blocks  capped  at 
each  end  with  a  solid  capping  piece.  Between  the  shell  and  the 
lining  is  placed  2  inches  of  insulating  material  in  a  loose  form 
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which  allows  for  the  expansion  of  the  main  lining  and  reduces 
radiation  to  a  minimum. 

By  constructing  the  lining  in  this  manner,  quick  replace- 
ment is  made  possible  and  a  large  percentage  of  the  checking 
wear  eliminated  as  would  be  the  case  in  a  lining  composed 
of  small  brick. 

From  the  reports  received  from  a  large  manufacturing 
concern    in    this    country,    the    writer    has    every    hope    that 


FIG.  2— IMPROVED  DESIGN  OP  ROTATING  ELECTRIC  BRASS  FURNACE 

within  a  short  space  of  time  it  will  also  be  possible  to  supply 
a  lining  of  magnesite  blocks  made  under  a  special  process  in 
the  same  form  as  the  present  lining.  Experiments  so  far  car- 
ried out  show  promising  results.  The  furnace  of  course,  can 
be  lined  with  any  other  materials  chosen  by  the  operator. 

Electrodes 

Graphite  electrodes  are  recommended  on  account  of  their 
current  •  carrying  capacity  and  lightness  whjch  allows  for  ease 
of  handling  and  cuts  down  loss  in  breakage.  The  furnace 
however,  can  be  adapted  to  the  use  of  carbon  electrodes  where 
desired. 
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One  of  the  chief  radical  changes  from  the  original  furnace 
design  is  the  method  of  taking  power  into  the  furnace.  In 
previous  designs  it  has  been  necessary  to  have  objectionable 
overhead  swinging  cables  to  allow  for  the  movement  of  the 
furnace  drum.  Such  construction  causes  loss  in  voltage  on 
account  of  excessive  length  of  cable  and  necessitates  a  very 
much  greater  amount  of  room  for  installation  than  is  necessar>' 
under  the  design  submitted,  whereby  the  current  is  taken  in 
through  a  shoe  at  the  bottom  of  the  furnace  out  of  the  way  of 
the  operator.  This  also  allows  for  the  placing  of  the  trans- 
formers close  to  the  furnace. 

In  this  type  of  construction  it  also  is  not  necessary  to  dis- 
connect the  cables  when  the  furnace  body  is  removed  from  the 
rollers   for   relining. 

Mechanical  Operation 

Briefly  the  furnace,  as  will  be  noted  from  Fig.  2,  is  a 
circular  steel  drum  located  on  four  rollers  with  double  gearing 
at  each  end  of  the  drum  connected  with  a  driving  shaft  ai 
the  rear.  The  shaft  is  connected  to  a  gear  reduction  to  allow 
for  two  complete  revolutions  per  minute.  By  a  special  method 
of  automatic  switches  the  drum  can  be  rotated  to  any  per- 
centage of  its  circumference  at  the  will  of  the  operator,  a 
special  control  making  it  possible  to  set  operation  at  any  given 
point. 

Water  connections  are  made  through  permanent  entrance 
from  below  to  a  sliding  water  jacket  which  allows  for  a  larger 
flow  or  cooling  capacity  at  a  low  pressure,  and  also  eliminates 
flexible  and  overhead  piping. 

The  electrodes,  it  will  be  noted,  are  driven  by  a  wheel 
stationed  at  the  axis  of  the  furnace,  making  no  movement  on 
the  part  of  the  operator  necessary  except  a  gripping  of  the 
wheel,  and  allowing  the  motion  of  the  furnace  body  to  take 
care  of  the  necessary  movement. 

Both  the  electrode  clamp  and  the  electrode  socket  at  the 
entrance  of  the  furnace  are  water  cooled  at  both  sides  of  the 
furnace. 

On  account  of  the  method  of  lining  and  the  general 
simple  construction  of  the  furnace  it  is  possible  to  put  in  a 
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door  of  practically  any  size  necessary  to  meet  operating 
conditions.  The  pouring  spout  is  located  at  a  point  whereby 
it  is  possible  to  entirely  empty  the  full  charge  of  the  furnace 
with  a  spout  movement  of  only  2j4  inches.  If  necessary  as 
in  ingot  pouring  for  the  rolling  of  copper  or  brass  sheets, 
a  connection  can  be  made  to  the  rear  driving  shaft  whereby  the 


FIG.    3-  A   TYPICAL    THREE   FURNACE    PLANT 


ingot  carriage  will  be  synchronized  with  the  movement  of  the 
furnace  spout. 

Fig.  3  shows  a  typical  layout  of  three  1-ton  furnaces. 
It  is  included  to  show  the  possibilities  of  installation  of  this 
type  of  furnace.  When  it  is  realized  that  each  one  of  these 
furnaces  would  have  a  capacity  of  20  heats  per  day  of  24 
hours,  giving  a  total  daily  capacity  of  60  tons  within  approxi- 
mately a  floor  space  of  60  x  60  feet,  it  will  then  be  appre- 
ciated what  this  development  has  made  possible  in  the  way  of 
increasing  plant  capacity  without  the  necessity  of  additional 
floor  space. 

Theoretical  Advantages 
It  may  be  well  to  mention  briefly  the  theoretical  advan- 
tage that  the  electric  furnace  has  over  the  ordinary  oil-fired 
furnace.  Operations  and  experiments  have  proved  that  such 
is  the  case,  but  the  theory  is  also  interesting  in  that  it  shows 
that  we  have  not  yet  reached  the  ultimate  possibilities  which 
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will  come .  when  the  art  has  been  finally  developed  to  its 
highest  point  of  efficiency. 

The  electric  furnace  may  be  made  practically  a  sealed 
instrument  preventing  the  access  of  air  which  means  that  so 
long  as  the  vapor  pressure  of  zinc  in  the  .charge  does  not 
exceed  atmospheric  pressure,  the  maximum  possible  loss  of 
zinc  must  be  the  furnace  fuel  of  zinc  vapor. 

At  the  usual  pouring  temperature  of  a  20  per  cent  zinc 
brass  each  cubic  foot  of  gas  saturated  with  zinc  vapor  con* 
tains  approximately  0.025  pound  of  zinc.  In  a  perfectly  closed 
electric  furnace  of  150  cubic  feet  capacity  (bne  of  WeAs' 
experimental  furnaces)  heated  uniformly,  the  maximum  loss 
due  to  volatilization  would  be  3.75  poimds  zinc,  and  this 
would  be  practically  independent  of  the  total  amount  of  brass  in 
the  furnace,  and  also  independent  of  the  length  of  time  the 
metal  was  kept  at  that  temperature.  With  a  2-ton  charge 
the  loss  would  be  0.094  per  cent.  Similarly  the  loss  of  zinc 
from  a  40  per  cent  zinc  brass  at  its  usual  pouring  temperature 
would  be  somewhere  near  0.12  per  cent.  The  loss  of  copper 
would  be  negligible  so  far  as  volatilization  is  concerned. 

On  the  other  hand,  we  have  seen  that  the  fuel-oil  fired 
furnace  requires  that  some  10,000  cubic  feet  of  hot  combustion 
products  leave  the  furnace  for  each  100  pounds  of  red  brass 
melted.  If  these  gases  left  the  furnace  saturated  with  zinc 
at  the  final  pouring  temp)erature,  they  would  carry  with  them 
many  times  the  amount  of  zinc  originally  charged.  Fortu- 
nately the  gases  do  not  by  any  means  all  leave  the  furnace 
saturated  with  zinc  at  the  final  pouring  temperature,  not  even 
the  gases  towards  the  end  of  the  heat,  since  with  a  uniform 
gas  velocity  the  gas  does  not  remain  in  the  furnace  for  more 
than  a  fraction  of  a  second.  But  if  brass  in  left  is  an  oil- 
fired  furnace,  under  blast,  after  it  is  ready  to  come  out,  it  docs 
certainly  follow  that  the  zinc  percentage  in  the  melt  will  drop 
off  at  an  alarming  rate. 

The  same  arguments  might  be  used  in  comparing  oppor- 
tunities for  oxidation.  Considering  both  practices  in  prac- 
tical operation,  it  is  quite  certain  that  the  electric  furnace 
has  the  decided  advantage. 
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It  can  therefore  be  seen  that  the  possibilities  of  a  fur- 
nace of  the  design  submitted  operating  on  brass  has  tremen- 
dous possibilities  in  connection  with  the  saving  of  zinc  that 
is  now  being  lost  through  volatilization. 

Results  already  accomplished  on  material  such  as  electro- 
lytic copper  show  a  loss  not  exceeding  0.75  per  cent  and  in 
high  zinc  mixtures  the  losses  run  anywhere  from  1J4  to  3J4 
per  cent  varying  with  the  zinc  contents. 

Theoretically  and  practically  there  is  no  loss  in  copper, 
but  in  actual  practice  small  amounts  become  impregnated  with 
the  lining  or  pass  off  in  the  slag. 

In  closing  the  writer  would  like  to  explain  the  apparent 
lack  of  submission  of  technical  data  supporting  the  claims 
made  herein.  This  is  intentional  for  the  reason  that  the  usual 
brass  foundry  problem  is  individual  and  not  collective.  For 
instance,  the  average  brass  foundry  in  the  Detroit  district 
catering  to  the  automobile  trade  may  be  using  mixtures  which 
would  be  quite  different  from  those  that  would  be  used  ii?  the 
Philadelphia  foundry  catering  to  the  shipping  industry,  and  as 
the  user  will  want  to  know  the  operating  conditions  surrounding 
his  own  problem,  it  was  decided  to  make  the  paper  general. 

It  might  also  be  mentioned  that  guarantees  of  operation 
are  many  times  confusing.  By  this  statement  it  is  not  meant 
to  intimate  that  engfineers  or  manufacturers  misrepresent  their 
product,  but  to  point  out  that  they  are  highly  specialized  in 
the  handling  of  their  own  individual  product,  whereas  the  in- 
stallation must  be  adapted  to  a  human  organization  and  into 
problems  of  general  metallurgy  enters  more  human  intelli- 
gence and  co-operative  ability  than  probably  in  any  other. 
Although  a  special  trained  corps  of  experts  may  be  able 
to  produce  specific  results,  this  is  no  guarantee  that  the  ulti- 
mate customer  will  obtain  these  same  results  unless  the  organ- 
ization is  always  available  for  co-operative  work. 

In  other  words,  the  enpneer  or  enpneering  contractor 
should  take  a  new  place  in  general  industrial  operations. 
The  mere  design  and  installation  of  equipment  should  not 
sever  his  relations.  The  practical  man  recognizes  the  neces- 
sity of  the  expert  to  his  organization  and  the  expert  should 
recognize  and  promote  closer  relations  with  the  practical  man. 
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By  G.  L.  Grimes,  Detroit 

Many  foundrymen  own  automobiles.  What  is  their  atti- 
tude toward  properly  caring  for  them?  It  will  be  admitted 
that  most  of  them,  if  they  oil  their  cars  themselves,  attend 
to  the  parts  most  accessible.  They  place  oil  in  the  crank 
case  of  the  motor  and  screw  up  the  grease  cups  on  the 
springs  because  these  parts  are  conveniently  near  at  hand. 
Many  of  us  have  h^d  the  speedometer  stop  working  and 
have  been  told  at  the  repair  station  that  the  lower  end  had 
not  been  lubricated. 

Although  the  motor  car  has  to  contend  with  the  dust  of 
the  road,  it  operates  under  far  better  conditions  than  obtain 
in  the  average  foundry  where  dirt  and  grit  attack  the  bear- 
ings of  equipment.  Most  men  make  it  their  business  per- 
sonally to  see  that  their  automobiles  are  oiled,  but  how  many 
give  as  much  thought  to  the  care  of  their  foundry  equipment? 

Machines  to  Offset  Labor  Shortage 

It  is  generally  expected  that  there  will  be  a  large  exodus 
of  foreign  labor  and  probably  comparatively  little  immigra- 
tion. The  second  generation  of  foreign  labor  does  not  care 
to  go  into  the  foundry  but  prefers  the  machine  shop.  With 
the  decrease  of  labor  and  the  increased  demand  for  better 
output,  combined  with  the  growth  of  the  idea  of  the  con- 
servation of  material  and  resources,  the  foundryman  faces 
new  conditions  and  must  develop  new  methods  and  pro- 
cesses by  which  he  can  elevate  the  plane  of  his  profession 
and  make  up  for  the  shortage  of  men  by  the  installation  of 
more  machinery.  The  addition  of  machinery  brings  with 
it  the  problem  of  maintenance. 

In  the  future  will  manufacturers  consider  the  foundry 
a  necessary  evil  while  they  take  great  pride  in  the  machine 
shop?  The  writer  hopes  not.  Manufacturers  realize  that 
thev   have   made   an    investment   for   capital    account    when 
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they  buy  a  lathe  or  milling  machine  for  the  machine  shop. 
They  install  it  in  a  clean,  well  lighted  shop.  Each  oper- 
ator is  required  to  keep  his  own  machine  clean  and  many 
shops  allow  special  time  for  this  purpose.  Machinists  are 
trained  to  oil  their  own  machines,  and  a  man  is  made  re- 
sponsible for  oiling  the  lineshafts  and  motors.  A  tool 
room,  with  the  best  mechanics  in  the  shop,  is  usually  pro- 
vided  to   repair   the   equipment   when   it   breaks   down. 

Many  of  the  automobile  machine  shops  have  extra  ma- 
chines so  that  in  an  emergency  a  new  machine  can  be 
substituted  quickly  and  production  continued.  The  ma- 
chine that  is  taken  out  is  turned  over  to  the  tool  repair  de- 
partment and  properly  repaired. 

Foundry    Machinery    Often    is    Neglected 

But  this  policy  does  not  seem  to  hold  true  in  regard  to 
foundry  machinery.  In  many  cases,  the  machinery  is  pur- 
chased, and  no  more  attention  is  paid  to  it  as  long  as  it 
runs.  The  foundry  process  is  a  dirty  one.  The  sand  and 
dust  that  flies  when  the  molds  are  being  shaken  out  covers 
everything  in  the  foundry,  and  many  foundrymen  act  as 
if  it  is  useless  to  attempt  to  keep  machinery  clean.  When 
installing  equipment,  many  neglect  to  provide  a  proper 
place  for  it.  Think  of  installing  a  motor  driven  air  com- 
pressor in  the  dust  of  the  cleaning  room!     But  it  is  done. 

Some  foundrymen  allow  the  night  gang  to  shovel  the 
sand  back,  covering  the  molding  machines  so  that  the 
operators  have  to  dig  them  out  every  morning.  This  de- 
lays production  and  damages  the  machines. 

.  Did  Not  Want  to  Pay  for  Own  Carelessness 
A  steel  foundryman  called  the  manufacturer  of  his  sand 
mixer  and  claimed  it  would  not  work  properly.  The 
equipment  manufacturer  found  that  the  main  bearing  had  not 
been  oiled  and  the  brass  was  nearly  worn  out,  yet  the 
foundryman   wanted   it   replaced    free   of  charge. 

If  an  automobile  begins  pounding  and  the  garage  man 
has  to  put  in  new  rods  or  bearings,  the  owner  does  not 
expect   him   to   replace   the   parts   and    throw    in   the    labor 
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because  the  machine  was  purchased  from  him.  Moreover, 
does  the  foundryman  replace  free  of  charge  castings  that 
are  defective  through  no  fault  of  the  foundry?  In  other 
words,  are  machine  scrap  castings  replaced  free  of  charge? 
Of  course  not. 

Manufacturers  with  machine  shops  frequently  install 
highly  specialized  automatic  machines  to  save  seconds  when 
finishing  large  quantities  of  pieces.  There  is  an  automatic 
molding  machine  that  is  faster  than  any  other  machine  on 
the  market,  yet  few  foundrymen  will  use  it  because  they 
will  not  give  the  machine  and  the  equipment  the  care 
that  the  machine  shop  would  give  an  automatic  as  a  matter 
of  course. 

Equipment  Changed  with  Superintendent 

The  change  in  foundry  methods  caused  by  the  introduc- 
tion of  machinery  is  calling  for  mechanical  training  that  was 
not  necessary  with  the  old  floor  methods.  Too  many 
foundrymen  depend  on  their  hunches  that  the  equipment  is 
all  right  or  not.  Often  when  foundry  superintendents  and 
foremen  are  changed,  the  entire  equipment  is  changed.  This 
is  an  economic  waste  which  reacts  seriously  on  the  in- 
dustry. Equipment  is  often  condemned  when  it  only  needs 
a  little  intelligent  care. 

One  example  is  typical.  During  a  call  at  a  foundry,  a 
well  known  power  rock  over  molding  machine  was  con- 
demned because  it  would  not  rock  over.  The  handle  for  the 
3-way  operating  valve  had  come  off  and  had  been  replaced 
improperly  so  that  the  valve  seemed  to  be  leaking  all  the 
time  through  the  exhaust  opening  on  the  valve.  Some- 
body had  screwed  a  pipe  plug  in  the  exhaust  opening  and 
there  was  no  way  to  let  the  air  out  of  the  cylinder  to 
complete  the  rockover.  It  was  repaired  in  five  minutes, 
but  the  machine  had  been  discarded  for  months  because 
there  was  no  upkeep  man  with  sufficient  intelligence  in  the 
foundry  to  fix  it.  The  average  foundry  depends  on  the  handy 
man  flask  carpenter  to  oil  and  repair  the  machinery.  It  is 
absurd  to  think  that  the  flask  carpenter  can  take  care  of 
the  electric  crane,  air  compressor,  sand  cutter  and  molding 
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machines.     In  the  first  place  he  does  not  have  time,  and 
in  the  second  place  he  seldom  has  had  the  proper  training. 

Idle   Machinery   Should   be   Protected 

Many  foundries  buy  equipment  for  certain  work  and 
when  that  is  completed,  the  equipment  is  taken  out  into  the 
back  yard  and  allowed  to  rust.  When  it  is  needed  again 
it  is  found  to  be  ruined.  A  little  care  in  covering  it  up  and 
slushing  with  grease  would  save  thousands  of  dollars  every 
year. 

Others,  when  their  molding  machines  are  out  of  service, 
allow  bottom  boards,  old  shoes,  shirts  and  all  sorts  of  trash 
and  dirt  to  accumulate  on  them.  When  a  job  comes  that 
could  be  run  on  the  machine,  it  is  too  much  bother  to  dig  it 
out. 

The  logical  and  cheapest  way  to  reduce  the  foundry- 
man's  worry  is  to  hire  a  competent  master  mechanic  or  up- 
keep man  to  look  after  the  mechanical  details  of  the  equip- 
ment in  the  foundry,  as  is  done  in  rolling  mills,  machine 
shops,  paper  mills,  etc. 

The  combination  of  foundry  sand,  dust  and  oil  is  real 
dirt.  The  man  who  works  in  it  and  who  takes  care  of  the 
machinery  properly  is  entitled  to  a  fair  wage.  The  man 
who  knows  the  condition  of  all  equipment  and  can  head  off 
trouble   in   the  foundry   is  a   valuable  asset  to   a   foundry. 

With  the  installation  of  sand  handling  machinery,  con- 
veyors, etc.,  where  the  breakdown  of  one  conveyor  shuts 
down  the  whole  foundry,  managers  are  beginning  to  realize 
that  upkeep  is  as  important  in  the  foundry  as  in  the  machine 
shop.  However,  the  large  majority  of  foundries  have  not 
yet  reached  this  point. 

Overruled  Mechanic;  Plant  was  Shut  Down 
A  man  who  has  given  his  whole  thought  and  training 
to  this  class  of  work  can  tell  how  and  when  to  look  for 
trouble.  For  example,  a  master  mechanic  of  a  foundry 
equipped  with  conveyors,  and  other  mechanical  equipment, 
asked  to  have  the  foundry  shut  down  on  a  Saturday,  about 
the   fifteenth   of  May,   as  he   did   not   think   the   conveyor 
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would  run  longer  without  certain  repairs.  The  production 
manager  decided  that  the  plant  could  not  shut  down  then, 
but  agreed  that  the  work  could  be  done  during  the  Decora- 
tion day  lay  off.  The  conveyors  broke  down  on  the  Wednes- 
day following  May  15,  causing  a  loss  of  production  of  two 
days  instead  of  the  half  day,  as  suggested  by  the  master 
mechanic.  Needless  to  say,  after  this  .experience  when  this 
master  mechanic  thinks  repairs  should  be  made,  they  are 
made. 

Fully  95  per  cent  of  the  trouble  with  foundry  equip- 
ment is  due  to  improper  lubrication.  Where  it  is  possible 
heavy  grease  should  be  used  on  revolving  shafts  as  it  will 
form  a  collar  of  grease  outside  the  bearing,  making  the 
finest  dust  protector  possible.  On  some  sliding  surfaces  on 
handrammed  molding  machines,  ordinary  plumbago  or  facing 
makes  an  excellent  lubricant  as  the  sand  does  not  stick  to  it. 
One  superintendent  experimented  with  different  oils  on  his 
molding  machines  and  found  that  the  fuel  oil  used  in 
melting  furnaces  washed  the  sand  out  of  the  sliding  surfaces 
and  had  enough  body  to  properly  lubricate  the  surfaces. 

Uses  Novel  Method  to  Insure  Oiling 
The  complaint  is  heard  that  the  men  do  not  seem 
to  take  the  interest  in  their  work  they  formerly  did.  In 
order  to  have  some  check  on  the  man  in  care  of  machines, 
one  foundry  has  installed  a  watchman  patrol  system  with  a 
key  at  every  important  bearing,  machine  and  motor.  The 
oiler  carries  the  clock,  which  he  must  ring  at  every  sta- 
tion. By  this  clock  record,  the  superintendent  at  least 
knows  that  the  oiler  has  visited  each  place. 

When  a  molding  machine  is  out  of  service  in  this 
plant,  it  is  cleaned  up  and  boxed  to  protect  it  from  dirt. 
The  boxes  are  arranged  to  be  easily  taken  apart  and  stored 
when  not  in  use. 

An  automobile  foundry  realizes  that  the  operators  do 
not  take  care  of  the  machines  or  patterns  properly,  so  when 
the  day's  work  is  finished,  one  man  blows  off,  cleans  and 
oils  the  molding  machines.  A  second  man  cleans  the  pat- 
terns and  puts  a  tarpaulin  over  the  machine  so  the  dust  will 
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not  get  into  the  machines.  These  measures  insure  that  the 
machines  will  be  ready  next  morning  for  the  scheduled 
production. 

Foundrymen  often  operate  equipment  carelessly  and 
then  call  for  the  maker  to  send  an  expert.  The  expert 
oils  the  machine,  or  renews  a  hose  and  the  equipment  is 
in  service  again.  A  competent  master  mechanic  or  up- 
keep man  may  reduce  the  number  of  useless  trips  of  the 
manufacturers'  experts.  Often  the  foundr)mien  expect  the 
equipment  manufacturers  to  stand  the  expense  of  these  trips. 

When  an  automobile  is  stalled  outside  of  town,  the 
owner  does  not  expect  the  garage  man  to  tow  it  in  without 
charge.  The  service  expense  of  the  foundry  equipment 
manuJFacturers  is  one  of  the  large  items  of  the  cost  of 
equipment. 

Equipment    Men    Eager    to    Help 

The  equipment  manufacturers  have  experts  traveling 
through  the  country,  and  for  their  own  information,  as 
well  as  to  be  of  service  to  foundrymen,  they  would  like 
very  much  to  inspect  from  time  to  time  the  machines  in 
service.  They  would  do  this  gladly  free  of  charge  if  they 
were  allowed  in  the  plants.  Many  purchasing  agents  do  not 
allow  the  manufacturers'  experts  to  examine  equipment, 
even  though  in  many  cases  thousands  of  dollars  would  be 
saved  for  equipment  manufacturers  and  foundrymen  if  the 
experts  were  allowed  to  give  needed  assistance  and  advice. 

With  proper  care,  equipment  lasts  longer  and  the 
replacement  costs  are  less.  When  equipment  is  not  prop- 
erly cared  for,  it  may  run  a  long  time  before  it  breaks  down, 
but  with  a  lowered  output.  The  saving  in  labor  costs 
effected  by  the  increased  production  of  all  kinds  of 
foundry  equipment  when  operating  properly  more  than 
pays  for  an  expert  maintenance  department. 

Promises  can  be  kept ;  the  product  will  be  improved ; 
labor  costs  will  be  reduced;  the  first  cost  of  equipment  will 
be  reduced;  and  the  life  of  all  foundry  equipment  will  be 
increased. 
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The  Economical  G)ntrol  and  Han- 
dling of  Patterns  in  a  Large 
Foundry 

By  Walter  D.  Jones.  Canton,  O. 

Every  foundryman  knows  the  problem  presented  in  at- 
tempting to  deliver  the  pattern  and  the  core  boxes  to  the 
fotmdry  on  time,  correct  according  to  the  blueprint,  and  in 
relation  to  the  promise  date  of  shipment;  to  return  them  to 
the  pattern  storage  the  instant  the  foundry  releases  them;  and 
to  properly  place  them  in  the  pattern  storage  section  and  shelf, 
where  they  will  be  found  when  wanted.  The  famiKar  sight  of 
hundreds  of  patterns  littering  and  cluttering  up  the  passage* 
ways  in  and  around  the  foundry  and  the  oft-repeated  abili  as 
to  why  a  pattern  is  there  or  is  not  there,  as  the  case  may  be, 
is  sufficient  to  recall  to  the  mind  of  all  the  confusion  which  has 
existed  and  exists  in  most  of  our  foundries  today. 

A  complete  description  of  the  methods  adopted  at  the  plant 
of  the  Canton  Steel  Foundry  Co.  together  with  cuts  and  illus- 
trations of  forms,  etc.,  appeared  in  the  May  15  issue  of  The 
Foundry.  Anyone  whose  interest  is  aroused  in  this  brief  outline 
of  our  pattern  control  system,  is  referred  to  the  article  men- 
tioned. The  photographs  of  the  various  forms  used  will  help 
to  make  clear  the  explanation  of  our  system  here  offered. 

Offices  Are  Concefttrated 
The  development  of  the  plan  made  it  necessary  to  bring 
together  the  various  offices  so  as  to  co-ordinate  the  work. 
Therefore,  a  very  important  link  in  the  chain  is  the  arrange- 
ment of  the  offices  of  the  superintendent,  order,  production, 
dispatcher  and  checker  which  are  located  in  the  main  pattern 
storage  building.  The  pattern  shop  is  adjacent  to  the  pattern 
storage  building.  The  arrangement  of  these  offices  permits 
of  easy  access  to  one  another  with  a  minimum  loss  of  time. 
Immediately  outside  of  the  checker's  room  is  the  active  floor. 
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This  is  so  called  on  account  of  the  fact  that  here  are  stored  all 
patterns  which  have  been  checked  and  sketched  and  which  are 
waiting  their  turn  to  be  sent  to  the  molding  floor  of  the  foundry. 

All  blueprints  are  filed  in  the  sketch  room  where  they 
arc  available  for  reference.  The  official  list  of  patterns  is  very 
much  the  same  as  that  of  other  fotmdries  and  serves  the 
purpose  of  locating  the  section  and  shelf  where  the  pattern  is 
stored.  Before  the  order  is  written,  the  pattern  stors^  sec- 
tion and  shelf  are  shown  on  the  customer's  purchase  order. 
This  information  is  in  turn  copied  on  the  regular  order  blank 
as  well  as  the  operation  cards.  If  the  index  shows  that  the 
customer's  pattern  is  not  in  storage,  the  production  depart- 
ment is  inmiediately  notified,  which  in  turn  takes  the  ques- 
tion up  with  the  customer  and  follows  the  matter  until  the 
pattern  is  received.  The  dispatch  clerk  is  notified  upon  arrival 
of  the  pattern. 

Movement  of  Patterns  Through  Plant 

The  cycle  of  movements  of  the  patterns  for  each  order  are 
four.     These  movements  are  as   follows: 

First:  The  patterns  are  removed  from  the  pattern  storage 
to  the  sketch  and  checking  room. 

Second:  The  patterns  are  checked  and  sketched  and  re- 
moved to  active  floor. 

Third:  The  patterns  are  transferred  to  the  foundry  to  be 
molded. 

Fourth:  The  patterns  are  returned  to  pattern  storage  sec- 
tion and  shelf  after  being  released  in  the  foundry. 

At  the  time  the  order  is  received  it  is  known  that  each 
pattern  called  for  on  the  order  must  go  through  these  four 
operations  and  it  seems  to  be  the  best  practice  to  write  the 
operation  cards  covering  these  movements  at  that  time.  These 
cards  are  then  held  until  the  order  is  ready  to  go  into,  the 
foundry  when  they  are  released  to  the  various  departments 
as  outlined  in  the  following  paragraphs. 

How  Operations  Are  Recorded 
The  method  of  recording  these  operations  is  as  follows: 
The  sticker  (master  copy)  has  provision  for  four  orders,  size 
13  X  8  inches,  the  sheet  being  in  effect  four  reproductions  of 
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the  same  form  separated  by  pin  hole  perforations.  After  the 
four  orders  are  recorded  the  sheet  is  complete  and  is  then 
used  as  a  master  copy  on  the  duplicating  machine  for  repro- 
ducing the  other  four  copies.  The  forms,  6'4  x  4  inches,  arc 
then  detached  and  made  into  sets.  The  sticker  is  further 
reduced,  the  actual  size  when  placed  on  the  pattern  being  4x3 
inches.  Each  set  has  five  cards,  four  of  which  cover  the 
movements  of  the  pattern  which  comprise  the  cycle  described 
in  previous  paragraph,  and  the  fifth  being,  a  record  card  on 
which  these  movements  are  recorded. 

Each  of  these  forms  contains  the  same  information,  includ- 
ing the  date  entered,  job  number,  order  number,  name  of  cus- 
tomer, customer*s  order  number,  pattern  number,  storage, 
section  shelf,  description,  quantity  ordered,  promised  date  of 
shipment,  special  steel  (if  called  for),  number  of  core  boxes, 
and  classification. 

The  operation  cards  referred  to  and  the  purpose  they 
serve  are  as  follows: 

1.  Pink  transfer  card.  It  routes  the  pattern  out  of 
the  main  storage.  This  card  is  replaced  on  the  pattern 
after  the  pattern  has  been  sketched  and  checked  and  re- 
mains on  the  pattern  until  the  pattern  is  sent  into  the 
foundry.  It  is  removed  at  that  time  and  returned  to  the 
control  desk  and  serves  as  a  notice  to  the  dispatch  clerk 
that  the  pattern  has  been  sent  to  the  foundry. 

2.  Sticker. — The  sticker  is  shellaced  on  the  pattern 
after  the  pattern  has  been  checked  and  sketched.  By 
means  of  the  sticker  the  pattern  is  identified  on  its 
arrival  in  the  foundry  by  the  foundry  foreman  and  is  as- 
signed  to  the  molder. 

3.  Mold  Card. — Tin's  card  is  sent  to  the  foundry 
clerk  at  time  pattern  is  sent  to  the  foundry.  On  it  the 
time  of  molding  the  pattern  is  recorded. 

4.  Green  Transfer  Card  Which  Accompanies  Mold 
Card. — This  card  is  tacked  on  the  pattern  when  the  job  is 
completed  in  the  foundry  by  the  foundry  checker.  It 
covers  the  return  movement  of  the  pattern  to  the  pattern 
storage. 

5.  Pattern  transfer  record  sheet  which  is  kept  in 
control  desk. 

The  operation  of  the  system  is  under  the  control  of  the 
production    manager.      It    is    in    the    dispatch    office,    however, 
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wliere  the  actual  movement  of  pattern  is  controlled.  The 
dispatcher  keeps  all  operation  cards  in  a  desk  which  was  de- 
signed especially  to  meet  this  particular  problem.  The  desk 
has  six  filing  units,  and  each  unit  has  24  leaves,  four  clips  on 
each  leaf.  The  lower  section  consists  of  four  drawers 
divided  into  sections  and  provided  with  numerical  tabs  from 
one  to  300,000.  (Nothing  .below  the  even  hundred  is  recog- 
nized in  the  index.)  It  first  must  be  understood  that  each  order 
has  a  promise  date  of  shipment  on  it  which  is  also  shown 
on  all  of  the  operation  cards.  It  is  a  standing  order  in  our 
shop  that  the  patterns  must  be  sent  to  foundry  and  work  started 
at  least  three  weeks  before  shipping  date  shown  on  order,  and 
unless  definitely  ordered  otherwise,  this  procedure  is  followed. 
The  dispatcher  files  all  operation  cards  according  to  the 
date  they  must  be  sent  to  the  foundry.  Three  days  before  this 
date  the  dispatcher  releases  the  first  operation  card.  This 
card  is  an  order  to  the  pattern  storage  foreman  to  send  the 
particular  pattern  called  for  to  the  checking  room.  The  dis- 
patch clerk  inserts  the  date  in  space  provided  on  pattern  trans- 
fer record  and  files  it  according  to  pattern  number  in  the  active 
pattern  file. 

Immediately  after  the  pattern  has  been  sketched  and 
checked  the  chief  checker  obtains  from  the  dispatcher  the 
sticker  and  pastes  it  on  the  pattern.  The  sticker  shows  the 
number  of  core  boxes  and  loose  pieces  required  so  that  this  im- 
portant feature  can  be  checked  upon  arrival  into  the  foundry. 
At  the  time  of  checking,  the  loose  pieces  are  nailed  in  proper 
places  on  the  pattern.  The  dispatch  clerk  withdraws  the  record 
card,  inserts  the  date  pattern  was  checked  and  refiles  the 
record  card. 

Outlining  Provision  of  Patterns  for  Next  Day 

The  pattern  is  then  sent  to  the  active  floor  where  it 
waits  its  turn  to  be  sent  to  the  molding  floor.  Before  the 
close  of  each  day,  the  dispatch  clerk  hands  to  the  pattern 
storage  foreman  a  list  of  the  patterns  which  are  to  go  to  the 
molding  floors  for  the  next  day's  work.  This  list  is  built  up 
in  diary  form  by  the  dispatch  clerk  currently.  At  the  same 
time   the   dispatch   clerk   sends   to   the    foundry   clerks   of   the 
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various  floors  the  corresponding  mold  cards  together  with  the 
"return"  card  (No.  4  of  the  set,  green).  These  cards  are  filed 
in  the  offices  jointly  occupied  by  the  foremen  and  foundry 
clerks  of  the  respective  molding  floors  so  that  the  foremen  and 
clerks  know  at  all  times  the  work  in  hand  and  ahead,  and  can 
plan  accordingly.  As  the  patterns  are  tallied  out  into  the 
foundry  the  dispatcher  inserts  the.  date  on  the  corresponding 
record  cards.  The  dispatcher  is  able  to  get  an  absolute  check 
as  to  whether  the  pattern  storage  foreman  has  sent  the  correct 
number  and  the  right  patterns  into  the  foundry  by  means  of 
the  pink  card  (No.  1)  which  remains  on  the  pattern  until  the 
pattern  is  sent  into  the  foundry  and  is  then  detached  and 
returned  to  the  dispatch  clerk  who  in  turn  checks  it  with  the 
daily  list,  to  see  whether  the  work  is  properly  performed. 

As  fast  as  the  patterns  are  released  by  the  foundry  they 
are  returned  to  the  pattern  storage,  and  on  arrival  there,  they 
are  returned  to  the  proper  section  and  shelf.  The  green  card 
is  then  detached  and  forwarded  to  the  dispatch  clerk  who  again 
refers  to  the  record  card  and  inserts  the  date  that  the  patterns 
were  returned  to  storage  and  removes  the  record  from  the 
active  pattern  file.  This  card  is  then  sent  to  the  production 
office  where  it  is  filed  according  to  pattern  number  as  a  perma- 
nent record.  All  of  the  other  cards  are  destro)red  as  the 
operations  are  completed.    This  completes  the  cycle. 

Advantages  of  Filing  System 

One  word  in  regard  to  what  is  accomplished  by  filing  the 
record  card  according  to  pattern  numbers.  In  the  opinion  of 
the  writer,  it  is  important  to  have  some  method  of  bringing  to- 
gether by  pattern  number,  all  of  the  orders  on  which  the  pattern 
must  work.  This  method  insures  that  the  pattern  is  molded 
in  sequence  according  to  the  production  schedule  and  promise 
of  shipment  date.  Moreover  the  pattern  is  not  returned  to 
storage  until  the  production  cycle  for  orders  in  hand  calling 
for  this  pattern  are  completed.  Also,  by  this  method,  it  is 
possible  to  plan  in  advance  for  changes  which  are  sometimes 
necessary  to  make  on  the  pattern. 

Under  the  plan  the  dispatch  clerk  first  files  the  record 
card  by  pattern  number.    He  is  therefore  immediately  in  pos- 
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session  of  the  vital  information  as  to  whether  the  pattern  is 
tied  lip  on  other  orders;  whether  the  volume  of  orders  calling 
for  a  particular  pattern  warrant  the  making  of  an  additional 
pattern;  and  which  of  all  the  orders  calling  for  the  pattern 
should  be  given  priority.  In  addition,  the  active  pattern  file 
reveals  automatically  the  active  orders  in  the  foundry,  the  date 
the  patterns  were  sent  to  the  foundry  and  the  order  became 
active,  and  the  location  of  the  pattern  at  all  times.  This  file 
record  is  a  very  simple  one  and  can  be  expanded  to  take 
care  of  an  unlimited  number  of  patterns. 

Much  of  the  lost  time  in  foundry  production  is  directly 
traceable  to  improper  and  careless  handling  of  the  patterns. 
What  this  company  has  attempted  to  do  is  to  reduce  the  prob- 
lem to  a  standard  practice.  The  best  proof  that  can  be  offered 
as  to  the  merit  of  the  plan  outlined  in  meeting  the  problem  at 
this  plant  lies  in  the  different  attitude  of  the  men  who  do  the 
work.  We  now  have  intelligent  direction,  awakened  and  keen 
interest,  and  mind  work  instead  of  tongue  work.  We  get  facts 
instead  of  alibies. 
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How  to  Secure  Best  Results  in  Com- 
bining Hoisting  Apparatus  With 
Molding  Equipment 

By  W.  C.  Briggs,  New  York 

In  preparing  this  paper,  the  writer's  underlying  thought 
has  been  to  suggest  a  means  for  solving  some  of  the  difficult 
problems  of  foundrymen  who  are  trying  to  systematize  their 
work  and  costs ;  to  assist  in  placing  the  work  in  the  foundry 
in  the  hands  of  the  man  who  will  produce  the  largest  ton- 
nage of  any  particular  class  of  work;  to  aid  in  the  difficult 
problem  found  especially  in  jobbing  foundries  of  trying  to 
make  castings  from  patterns  from  which  only  a  few  castings 
are  required  on  molding  machines;  and  also  to  distribute 
the  work  in  the  foundry  where  the  crane  or  hoist  facilities 
are  best  suited  for  handling  the  work. 

Foundries  can  be  divided  into  at  least  four  distinct  types, 
namely,  gray  iron,  malleable  iron,  steel  and  bronze  and  alumi- 
num. Each  type  can  be  classified  into  a  number  of  types 
based  on  the  size  and  kind  of  castings  made.  Many  foundries 
of  each  classification  may  make  castings  of  a  similar  character 
continuously.  Even  in  this  class  o'f  foundry  the  system  out- 
lined in  this  paper  can  be  applied  with  some  degree  of 
helpfulness. 

It  is  a  comparatively  simple  matter  for  engineers  to  de- 
sign and  lay  out  a  foundry  to  make  the  same  kind  of  work 
continuously.  The  scheme  outlined  is  intended  to  suggest 
methods  that  will  assist  the  larger  number  of  foundrymen 
who  make  a  variety  of  sizes  and  weight  of  castings. 

Labor  is  Big  Problem  in  Foundry 

The  question  of  labor  cost  is  more  and  more  becoming  a 

big  problem   with   all    foundrymen   and   exists    from   the   time 

the    raw    materials    arrive    until    the    finished    castings    arc 

loaded.     In  order  to  reduce  the  number  of  common  laborers 
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to  a  minimum,  designers  give  entirely  too  much  consideration 
to  the  handling  of  raw  materials,  loading  of  castings,  etc., 
where  the  total  pro  rata  cost  per  ton  is  a  much  smaller  fac- 
tor than  the  skilled  workman's  time  on  the  molding  floor. 

This,  of  course,  is  not  true  in  all  cases,  but  is  apt  to  be 
true  in  the  case  of  the  jobbing  foundry  where  the  owner  or 
engineer  has  in  most  cases  failed  to  find  a  means  for  making  a 
layout  of  the  foundry  with  foundry  floors,  cranes,  hoists  and 
molding  machines  so  combined  that  they  are  adapted  to  handle 
to   the  greatest  advantage  a  predetermined   class   of   work. 

If,  however,  each  pattern  when  received  is  placed  in  a 
definite  classification  as  outlined  in  the  following  table  it  will 
be  possible  to  use  hand  molding  and  hand  lift  where  it  can  be 
used  with  the  highest  efficiency,  and  hand  molding  and  crane 
equipment  where  it  will  be  more  efficient,  and  likewise  machine 
molding  and  hand  lift  where  these  factors  can  be  combined  to 
produce  the  largest  tonnage. 


Hand  Molding 

Machine  Molding 

Qass 

Sire  of  Flask 

Hand  Lift 

Crane  Lift 

Hand  Lift 

Crane  Lift 

1 

18x18x6 

1-HMHL 

1-HMCL 

1-MMHL 

1-MMCL 

2 

18x18x12 

2— HMHL 

2— HMCL 

2— MMHL 

2-MMCL 

3 

24x24x6 

3— HMHL 

3-HMCL 

3— MMHL 

3— MMCL 

4 

24x24x12 

4~HMHL 

4    HMCL 

4— MMHL 

4— MMCL 

5 

24x30x6 

5-HMHL 

5-HMCL 

5— MMHL 

5— MMCL 

6 

24x30x12 

6-HMHL 

6-HMCL 

6— MMHL 

6— MMCL 

7 

36x36x6 

7-HMHL 

7~HMCL 

7-MMHL 

7-MMCL 

8 

36x48x8 

8-HMHL 

8-HMCL 

8-MMHL 

8-MMCL 

9 

36x48x12 

9— HMHL 

9-HMCL 

9-MMHL 

9— MMCL 

10 

48x48x8 

10— HMHL 

10— HMCL 

10— MMHL 

10— MMCL 

11 

48x48x12 

11— HMHL 

11 -HMCL 

11— MMHL 

11— MMCL 

12 

48x60x12 

12— HMHL 

12— HMCL 

12— MMHL 

12— MMCL 

13 

60x60x12 

13— HMHL 

13— HMCL 

13— MMHL 

13-MMCL 

14 

60x72x12 

14— HMHL 

14— HMCL 

14— MMHL 

14-MMCL 

Tag  Patterns  According   to   Classification 

The  writer  has  not  intended  to  carry  this  classification 
into  all  the  sizes  of  flasks  or  depths  of  cope  and  drag  that 
some  foundries  no  doubt  find  it  advisable  to  classify,  but 
sufficient  to  outline  the  general  scheme.  The  plan  proposed 
is  to  place  this  classification  list  in  the  hands  of  the  pattern- 
maker or  the  man  who  has  charge  of  the  flasks  so  that  suit- 
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able  tags  or  stencilled  markings  may  be  applied  to  the  pat- 
tern. 

Tonnage  of  castings  is  very  largely  influenced  by  the 
ratio  between  the  size  of  the  flask  and  the  weight  of  the 
casting  and  the  cost  of  molding  follows  in  much  the  same 
ratio.  Therefore  with  a  system  of  this  kind,  the  matter  of 
setting  the  price  is  simplified.  For  instance,  if  a  casting  weigh- 
ing 50  pounds  is  produced  in  classification  No.  1,  the  same 
casting  produced  in  class  No.  2  would  cost  more,  and  by 
keeping  the  cost  of  castings  made  by  each  classification,  a 
table  soon  could  be  prepared  that  would  be  of  great  assist- 
ance in  estimigtting  the  cost  of  making  all  kinds  of  castings. 

Sise  of  Flask  Influences  Cost 

Of  course  there  are  many  other  elements  that  enter  into 
the  cost,  but  most  of  these  elements  do  not  influence  the 
price  anything  like  the  ratio  between  the  size  of  flask, 
which  governs  the  amount  of  labor  to  a  large  extent.  It  is 
realized  that  green  sand  and  dry  sand  molding  costs  vary, 
and  that  the  kind  and  size  of  cores  are  important  elements. 

These  classifications  also  will  help  to  solve  the  cost 
problem  which  has  been  found  so  difficult  in  foundries  turn- 
ing out  a  large  variety  of  work.  It  is  a  well  known  fact 
that  there  is  a  limited  amount  of  foot  pounds  of  work  for 
every  man.  It  varies  somewhat  with  the  man,  but  just  as 
sure  as  a  man's  energies  are  properly  applied,  just  as  sure 
will  he  produce  more  and  better  results.  If  it  is  necessary 
for  a  molder  to  go  to  the  pattern  loft  or  flask  shop  to  get  his 
pattern  and  then  to  select  or  fit  up  a  flask  or  assist  the 
pattern  maker  or  flask  man  to  do  so,  and  then  get  his  floor 
ready,  cut  up  his  sand,  find  the  necessary  rigging,  gagers, 
etc.,  he  is  not  going  to  get  started  to  make  his  job  with  as 
much  dispatch  as  he  would  if  a  system  was  used  whereby 
these  factors  were  taken  care  of  in  a  systematic  way.  There 
may  be  some  work  that  can  be  rammed  by  hand  or  by 
treading  in  with  the  feet  at  as  low  a  cost  as  can  be  done  by 
any  other  method,  but  such  jobs  are  few  and  far  between 
and  a  good  skilled  mechanic  should  never  be  used  for  that 
kind  of  work. 
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Many  factors  contribute  to  securing  the  best  results 
The  old  foundry  with  its  low  roof  and  dark  interior,  where 
it  is  necessary  to  use  the  tallow  candle  to  see  to  finish  the 
mold  and, , set  the  cores,  is  fast  disappearing  because  it  can- 
not be  operated  in  competition  with  modern  properly  lighted 
foundries  equipped  with  good  handling  facilities. 

As  many  modern  foundries  are  designed  light  is  the  main 
consideration.  Those  that  make  a  large  variety  of  work  from 
castings  weighing  a  few  pounds  to  those  weighing  several  ton.> 
frequently  do  not  have  facilities  for  handling  the  kind  of 
work  they  are  to  make.  Often  no  attempt  has  been  made  to 
establish  even  approximately  the  floor  area  required  or  handling 
facilities  best  adapted  for  the  particular  kind  of  work  to  be 
made  because  the  designer  did  not  have  a  clear  conception  of 
the  size  and  weight  and  volume  of  each  kind  of  casting  to* 
be  made.  If,  however,  the  pattern  is  classified  when  re- 
ceived or  made,  into  the  si?:e  of  flask  which  automatically 
establishes  the  approximate  volume  of  sand  and  weights  to 
be  handled,  che  problem  of  designing  the  building,  distribut- 
ing the  work,  providing  molding  machine  and  crane  equip- 
ment can  readily  be  solved. 

In  the  past  the  handling  apparatus,  whether  overhead  trav- 
eler, jib  crane  or  monorail  hoist  has  been  considered  as  a^ 
necessary  evil  or  an  auxiliary  equipment  instead  of  being  con- 
sidered as  a  great  aid  in  producing  maximum  results  providing 
the  handling  equipment  is  selected  to  serve  the  particular 
operations  required. 

The  work  shown  in  the  foundry.  Fig.  1,  was  formerly  made 
under  a  jib  crane.  Three  men  had  to  put  in  a  long  hard  day 
to  produce  nine  or  ten  molds.  This  job  was  fitted  up  to  be 
made  on  a  molding  machine  and  an  electric  traveler  arranged 
with  controllers  operated  by  pendant  cords  designed  so  that 
any  one  of  the  men  in  the  gang  could  handle  the  flask  to  the 
molding  machine  and  mold  to  the  floor  was  provided.  After 
one  man  had  placed  the  cores,  another  could  operate  the 
traveler  and  clo.se  the  mold,  two  additional  men  were  added 
to  the  gang  making  five  men  to  serve  the  molding  machine,  set 
the  cores  and  close  the  mold.  The  men  produced  44  molds  for 
a    day's    wprk,  and    did    not    work    as    hard    as    with    the    old 
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combination,  producing  less  than  one  quarter  of  the  number 
of  castings. 

Fig.  2  shows  a  foundry  with  a  central  bay  served  by 
travelers  placed  on  two  levels.  On  the  lower  level  are  three 
3-motor  electric  cranes,  arranged  for  control  by  pendant 
cords  from  the  floor,  each  crane  having  a  capacity  suitable 
for  handling  the  largest  mold  to  be  made,  but  not  largely  in 
excess  of  the  capacity  required.  On  the  higher  level  the 
cage-operated  machine  is  of  higher  speed  and  is  used  largely 
for  distributing  flasks,  taking  out  castings,  and  when  neces- 
sary, carrying  large  ladles  of  iron  over  the  top  of  the  lower 
cranes  without  interfering  with  the  molding  operations.  The 
side  floor  of  this  foundry  is  equipped  with  two  2-motor 
electric  travelers,  arranged  for  control  by  pendant  cords. 
These  machines  are  of  light  capacity,  designed  to  perform 
the  particular  operations  required  of  them.  The  core  room, 
extending  the  whole  length  of  one  side  of  the  foundry  is 
served  by  a  light  capacity   quick-acting  overhead   traveler. 

System  is  Factor  in  Production 

The  crane  equipment  in  this  foundry  is  nearly  ideal, 
but  by  applying  the  system  of  classification  of  pattern  and 
by  making  a  study  of  the  average  number  of  .castings  made 
in  definitely  established  flasks  and  by  selecting  the  best 
molding  machines  for  the  work,  a  much  larger  tonnage  could 
be  produced  with  the  same  number  of  men.  While  the 
item  of  handling  materials  is  low  per  ton  of  castings  pro- 
duced, many  foundries  are  operating  with  high  costs  that  can 
be  lowered  economically  by  the  application  of  properly 
selected  handling  equipment. 

Fig.  3  shows  the  material  storage  yard  of  the  foundry 
shown  in  Fig.  2.  Pig  iron,  coke,  sand,  etc.,  are  moved 
mechanically  throughout.  Pig  iron  is  unloaded  from  the  cars 
by  magnet  to  the  yard  and  as  required  delivered  to  the 
charging  platform  by  the  crane  and  monorail  hoist,  clearly 
shown  in  the  illustration.  The  only  man  labor  is  used  in 
charging  the  cupola  from  the  scales  located  on  the  plat- 
form. The  sand  and  coke  is  unloaded  by  gravity  to  bins 
beneath  the  trestle. 
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Efficiency  engineers  have  done  much  to  lighten  the 
burden  of  the  manufacturer  and  the  man  who  does  the  work 
but  it  is  no  easy  task  to  get  these  parties  thinking  along  the 
same  lines.  The  writer  had  this  thought  in  mind  many  times 
as  he  observed  the  operating  conditions  of  foundries  visited 
during  his  12  years'  experience  calling  on  them  in  connec- 
tion with  applying  electric  cranes  and  hoists. 

Very  many  foundries,  especially  the  jobbing  foundries, 
can  greatly  increase  their  production  and  make  the  job 
easier  for  both  owner  and  workmen  by  giving  more  care- 
ful study  to  the  pattern  before  it  goes  to  the  foundry  and  by 
standardizing  flasks  and  then  alloting  as  far  as  possible, 
definite  floor  space,  suitable  handling  facilities  and  molding 
machines  for  the  work. 
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Foundry  Sand  Handling  Equipment 

By  H.  L.  McKfNNON,  Cleveland 

The  present  tendency  toward  quantity  production  in  the 
foundry  has  opened  the  way  for  more  economical  methods  of 
handling  the  sand,  and  it  is  of  these  more  economical  methods 
that  this  paper  will  treat. 

The  problem  of  sand  handling  in  a  foundry  is  one  which 
rapidly  increases  in  importance  as  the  quantity  of  sand  to  be 
handled  increases.  This  can  be  well  illustrated  by  considering 
a  foundry  with  a  few  men,  making  castings  in  a  limited  quan- 
tity, almost  wholly  by  hand.  In  such  a  foundry  the  problem  of 
handling  the  sand  is  simple.  Enough  sand  may  be  placed  on 
the  floor  in  front  of  each  molder  so  that  he  can  do  his  full 
day's  work  and  pour  off  his  castings,  and  the  sand  may  be  re- 
turned to  him  after  the  day's  work  is  done. 

Why  Mechanical  Handling  is  Necessary 

When  large  production  is  in  process,  and  many  tons  of 
sand  are  to  be  turned  over  daily,  the  cost  of  physical  labor 
alone  runs  up  into  such  large  figures  that  it  is  essential  that 
mechanical  means  be  found  to  reduce  the  expense.  The  advent 
of  the  molding  machine  into  the  foundry,  and  the  consequent 
increase  in  the  productive  capacity  of  the  molder  has  still 
further  added  to  the  burden  of  handling  sand  by  manual  labor 
and  has  made  it  necessary,  from  an  economical  stand- 
potnt,  to  provide  for  mechanical  sand  handling.  Foundries  of  a 
continuous  character  present  additional  problems  which  add  still 
further  to  the  difficulties  of  handling  the  sand  manually. 

The  use  of  sand  in  the  foundry  divides  itself  into  two 
main  elements;  that  of  making  molds  and  cores.  It  is  further 
subdivided  in  accordance  with  the  class  of  material  to  be 
poured  in  the  molds,  such  as  gray  iron,  brass,  aluminum, 
malleable  iron  and  steel.    Each  of  these  divisions  is  still  further 
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subject  to  minor  divisions  depending  upon  whether  the  work  is 
heavy,  or  medium,  or  light. 

The  different  qualities  which  are  necessary  for  the  various 
classes  of  work  are  so  well  understood  by  foundrymen  as  to 
need  no  explanation  here.  However,  in  order  to  properly 
understand  the  problem  of  foundry  sand  handling  it  is  necessary 
to  have  some  idea  of  the  character  of  the  work  for  which  the 
sand  is  being  used.  For  light  castings  of  gray  iron,  brass  and 
aluminum,  the  sand  should  contain  a  high  percentage  of  clay 
as  a  binder,  whereas  the  requirement  for  steel  castings  is  a 
sand  which  is  almost  pure  silica,  with  the  addition  of  such 
materials  as  \vill  give  it  the  proper  consistency  for  the  work  in 
hand.  As  malleable  iron  requires  somewhat  higher  tempera- 
tures than  ordinary  gray  iron,  the  sand  for  this  work  should 
contain  a  trifle  more  silica  than  is  necessary  for  gray  iron 
castings. 

Screening  and   Treating  Sand 

Given  the  proper  sand  for  any  particular  class  of  work,  the 
first  operation  is  the  proper  screening  and  treatment  of  the 
sand,  so  as  to  enable  the  molder  to  use  it  in  the  production  of 
castings.  The  manual  processes  in  use  for  many  years  consist 
principally  of  the  addition  of  water  to  the  sand  on  the  floor  of 
the  foundry,  either  before  or  after  hand  screening,  and  then 
the  cutting  over  of  the  sand  with  a  shovel  or  other  tool,  and 
allowing  the  sand  to  stand  over  night  so  that  the  water  became 
thoroughly  as.sociated  with  the  various  particles  by  capillary 
attraction. 

This  method  requires  considerable  floor  space  for  the 
storage  of  sand,  and  usually  makes  it  necessary  for  the  sand 
to  be  worked  over  by  a  night  force  after  the  day's  product 
has  been  poured.  It  also  involves  the  shoveling  of  the  sand 
many  times  before  it  is  placed  in  the  mold.  Such  methods 
cannot  be  economical  in  foundries  of  large  production  which 
handle  many  tons  of  sand  every  day. 

The  mechanical  problems  to  be  met  depend  very  largely 
upon  the  nature  of  the  work  to  be  done,  and  whether  or  not  it 
IS  desirable  to  reclaim  the  core  sand  as  well  as  the  mold  sand. 
Different  problems  are  encountered  in  handling  dry  sand  molds 
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and  in  handling  green  sand  molds.  The  most  of  these  problems 
are  essentially  similar  in  that  the  sand  is  of  such  a  nature  as 
to  render  it  practically  impossible  to  divert  it  from  one  place  to 
another  by  means  of  chutes.  The  sand  must  be  picked  up  and 
carried  from  one  place  to  another.  It  must  be  thoroughly 
cleaned.     The   proper    amount    of    moisture    must    be    added, 


FIG.  2— CONVEYOR  UNDER  FOUNDRY  FLOOR  FOR  REMOVING  USED  SAND 

beaten  thoroughly  into  the  sand  and  then  allowed  sufficient  time 
for  final,  even,  distribution  throughout  the  mass. 

Equipment  for  Gray  Iron  Foundry 
Various  mechanical  methods  are  being  used  for  handling 
sand  in  foundries.  Fig.  1  shows  the  interior  of  a  foundry 
engaged  in  casting  light  gray  iron  parts,  practically  all  of  which 
are  being  made  in  snap  flasks  of  such  size  as  to  be  readily 
handled  by  one  man.     In   this  particular  installation  molding 
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machines  are  operated  in  pairs,  about  6  feet  6  inches  apart,  one 
molder  working  on  a  drag  and  the  other  on  a  cope  for  the 
^ame  job.  As  rapidly  as  molds  are  made  they  are  laid  out  on 
the  floor  directly  back  of  the  molders,  where  a  separate  pouring 
crew  attends  to  the  pouring  of  the  metal  and  the  shaking  out 
of  the  molds. 

In  order  to  facilitate  the  prompt  return  of  the  sand  in  this 
installation,  a  pan  or  apron  type  conveyor  runs  underneath  the 
floor  of  the  foundry  extending  the  entire  length  of  the  center 
of  the  molding  bay.     Over  this  conveyor,  at   intervals,  there 


FIG.  3— CLOSE-UP  VIEW  OF   USED  SAND  ^'OWI^YOR  SHOWING   HOPPER   FKOM  FOUNDRY 

FLOOR 


are  receiving  hoppers  and  on  top  of  the  hopper  there  are  grat- 
ings to  prevent  castings  and  matter  other  than  sand  from 
getting  onto  the  conveyor. 

The  conveyor  delivers  the  sand  to  what  is  called  the  scalping 
or  roughing  screen  which  removes  pieces  of  coke  and  such 
small  foreign  substances  which  get  into  the  sand.  The  screened 
sand  then  drops  into  an  elevator  and  is  carried  to  the  top  of 
the  treating  building  where  it  is  again  screened.     After  screen- 
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ing,  water  is  added  and  the  water  and  sand  are  thoroughly 
milled  in  a  centrifugal  machine  which  produces  a  uniform 
product. 

The  control  of  the  water  supply  is  in  the  charge  of  an 
operator  who  is  held  responsible  for  adding  the  proper  amount 
to  put  the  sand  in  ideal  condition.  From  the  milling  process 
the  sand  drops  into  a  storage  bin  where  it  is  allowed  to  rest 
for  a  definite  period  in  order  that  capillary  action  may  take 
place  and  the  moisture  become  thoroughly  distributed  through 
the  particles  of  sand.     From  this  point  the  sand  is   fed   onto 


FIG.  4— SCALPING  OR  ROUGHING  SCREEN  FOR  PRELIMINARY  SCREENING  OP  USED  SAND 

belt  conveyors  and  distributed  to  the  molders,  the  hopper  for 
each  molder  being  j^laced  above  his  machine,  so  that  he  can 
drop  the  sand  directly  on  the  mold  if  he  desires.  Fig.  5 
shows  the  gate  and  hopper  used  in  the  installation  which  has 
just  been  described. 

Molds  May   be  Handled   Mechanically 

This  is  by  no  means  the  only  method  which  can  be  econ- 
omically followed  in  the  handling  of  sand.  Frequently  it  be- 
comes desirable  to  convey  molds  for  pouring  either  on  a 
conveyor,  or  on  cars,  or  by  other  means,  to  a  central  pouring 
station  and  from  there  to  a  dumping  position  where  the  hot 
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sand  is  disposed  of   in  the   same  manner  as  outlined   in   the 
foregoing  description. 

In  one  large  foundry  in  which  there  are  two  screening 
and  treating  plants,  the  equipment  is  provided  with  four 
knockout  positions.  The  molds  are  brought  to  the  knockout 
positions  after  pouring,  by  traveling  cranes.    The  sand  is  jarred 


FIG.    5— I^INAIi  SCREEN   AND  CENTRIFUGAL   TEMPERING  MACHINE 

out  of  the  flask  by  means  of  heavy  jarring  machines,  which 
are  essentially  similar  to  the  jarring  machines  used  for  mold- 
ing operations.  The  sand  then  falls  onto  the  pan  conveyor  and 
is  carried  through  the  same  process  of  treatment  and  screen- 
ing as  described  above. 
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In  the  handling  of  molding  sand,  a  few  important  general 
principles  should  be  kept  in  mind.  It  is  never  desirable  to 
handle  tempered  sand  in  a  bucket  elevator  if  other  means  can 
be  used.  The  reason  for  keeping  away  from  the  bucket 
elevator  for  this  service  is  that  the  tempered  sand  has  a  tend- 
ency to  fill  up  the  buckets  and  requires  frequent  cleaning  in 
order  to  maintain  the  operating  capacity.    If  the  sand  is  handled 


FKJ.    7— INDIVIDUAL    OVERIIE.\D    SAND   HOPPERS 

as   it    comes    from   the   molds    it    is   generally   dry    enough    so 
as    not   to   involve   this   difficulty. 

Advantages  of  Flat  Belt  Conveyor 
For  the  distribution  of  the  tempered  sand,  in  my  judgment, 
there  is  nothing  so  satisfactory  as  the  flat  rubber  conveyor  belt, 
even  though  reciprocating  flight  conveyors  have  been  used  with 
more  or  less  success.  One  of  the  main  objections  to  the  reci- 
procating conveyor  is  the  amount  of  power  required  to  operate 
it  as  compared  with  the  belt  conveyor.  A  further  objection  is 
that  there  is  a  marked  tendency  to  produce  small  balls  of  sand 
about  the  size  of  peas  or  beans  which  are  detrimental  to  the 
obtaining  of  smooth  castings. 
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The  use  of  the  rubber  conveyor  belt  is  strongly  recom- 
mended because  of  the  fact  that  it  possesses  a  smooth  operating 
surface  which  cannot  become  impregnated  with  the  sand  and 
which  resists  wear  for  a  long  period.  The  writtr  recently 
viewed  a  belt  of  this  character,  which  had  operated  riirough 
the  equivalent  of  9  years  continuous  daily  service.    The  belt  is 


FIG.    8-TEMPKRED    SAND    STORAGE    BIN    SHOWING    CUTTING    SAND  FEKMCRS 


240  feet,  center  to  center,  and  handles  approximately  250  tons 
of  sand  daily.  It  has  been  operating  for  7  years  but  during 
the  years  1917  and  1918  worked  double  shift.  At  the  time 
it  was  viewed  by  the  writer  it  was  still  in  good  working 
condition. 

The  device  for  removing  the  tempered  sand  from  the  belt 
conveyors   is  extremely  simple   and  consists  of  nothing  more 
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than  a  curved  plate  placed  so  as  to  act  like  a  plow  and  turn 
the  sand  over  at  the  desired  point.  These  plow  plates  are 
hinged  at  one  end  so  that  they  may  be  Kfted  out  of  the  way, 
allowing  th^  sand  to  pass  to  any  other  desired  point. 

Removing  Sand  from  Storage  Bins 

One  of  the  principal   difficulties   which   has  been   met   in 
foundry  sand  handling  has  been  the  problem  of  properly  with- 


'1 


KIG.  9— FLAT  BELT  CONVEYOR  FOR  DISTRIBUTLNG  TEMPERED  SAND 

drawing  the  tempered  sand  from  the  storage  bin  after  it  has 
been  placed  there.  Many  expedients  have  been  used  but  it  is 
the  writer's  opinion  that  the  type  of  feeder  shown  in  Fig.  8 
meets  the  condition  more  satisfactorily  than  any  other  with 
which  he  is  familiar.     It  is  easily  adjusted  and  seems  to  have 
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the  peculiar  motions  which  are  best  adapted   for  cutting   the 
sand  and  removing  it  from  the  bin  in  a  regular  manner. 

Another  problem  presents  itself  in  the  handling  of  core 
sand,  after  castings  have  been  poured.  Fig.  10  shows  a 
device  placed  in  the  cleaning  room  of  a  large  gray-iron  foundry 
for  the  purpose  of  separating  core  rods,  nails  and  other  mag- 
netic materials  from  the  core  sand  itself.     The  first  belt  shown 


%'• 

iit4«ii  iM..  *^Mi    n 

* 

1 

1 

• 

1 

FIG.    10— MACNETIC    SEPARATOR    AND    WASTE    SAND    CO.NVEYOR 

in  the  illustration  is  provided  with  a  magnetic  head  pulley  so 
that  the  metal  is  dropped  on  the  floor  while  the  sand  is 
delivered  onto  the  belt  which  runs  out  of  the  building.  The 
waste  sand  can  be  taken  to  railroad  cars  outside,  or  to  a  storage 
bin,  or  to  trucks,  or  to  a  storage  pile.  The  magnetic  pulley 
does  the  work  of  several  men  in  picking  out  magnetic  materials, 
and  does  it  cleaner  and  better. 

Mechanical  sand  handling  is  entirely  practical  where  the 
quantity  of  sand  is  great  enough  so  that  the  cost  of  con- 
veyor equipment,  as  an  overhead  expense  is  not  too  great.     In 
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general  it  seems  to  be  possible  to  put  in  a  sand  handling  equip- 
ment on  duplicate  work  where  there  is  a  minimum  of  150  to 
200  tons  of  sand  to  be  handled  daily.  In  some  instances  where 
the  work  is  highly  concentrated,  a  much  smaller  amount  of 
sand  than  this  can  be  handled  economically. 

The  frequency  with  which  molding  sand  may  be  re-used 
depends  primarily  upon  the  dryness  of  the  sand  before  tem- 
pering, that  is,  if  very  light  castings  are  being  made  and  the 
temperature  of  the  sand  is  not  greatly  increased,  such  sand 
can  be  used  more  frequently  than  that  which  becomes  highly 
heated. 

To  my  mind  the  problem  of  sand  handling  is  simple. 
The  less  apparatus  that  can  be  used  to  accomplish  a  given 
result  is  in  most  cases  the  most  satisfactory.  This  is  due 
partly  to  the  difficulty  of  obtaining  proper  mechanical  attention 
to  equipment  in  most  foundries ;  but  without  proper  mechanicai 
attention  there  is  no  equipment  that  will  prove  satisfactory 
and  give  continuous  service.  In  considering  mechanical  equip- 
ment k  is  extremely  desirable  that  the  question  of  mechanical 
attention  be  fully  considered. 

There  is  no  reason  why  mechanical  sand  handling  equip- 
ment cannot  be  produced  to  meet  any  set  of  conditions,  pro- 
viding there  is  sufficient  sand  to  handle  to  justify  the  initial 
expense.  If  properly  arranged,  mechanical  sand  handling 
equipment  should  result  in  increased  production  per  square  foot 
per  man  on  any  given  floor  space.  This  has  been  demonstrated 
repeatedly.  Ample  proof  in  the  form  of  many  successful  in- 
stallations is  available  for  anyone  who  cares  to  investigate. 


Discussion 

Staunton  B.  Peck. — In  1889  Thomas  Welsh,  super- 
intendent of  the  Westinghouse  Air  Brake  Co.,  conceived 
the  idea  of  continuous  molding,  the  molder  never  moving  from 
his  machine.  In  conjunction  with  the  writer,  a  plan  was 
worked  out  and  the  necessary  conve3nng  equipment  installed 
the  following  year  in  the  company's  foundry  at  Wilmerding,  Pa. 
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The  molds  as  made  were  placed  upon  a  continuousiy  mov- 
ing conveyor  which  carried  them  to  the  cupolas  where  they 
were  poured,  thence  to  the  shake-out  where  the  castings  were 
picked  out  and  taken  to  the  mill  room.  The  sand  was  riddled* 
tempered  and  elevated  to  an  overhead  conveyor  running  above 
the  molding  machines  and  delivering  to  them  through  down 
spouts.  The  returning  run  of  the  mold  conveyor  restored  flasks, 
bottom  boards  and  weights  to  the  molders,  and  a  separate  con- 
veyor above  this  brought  the  cores  from  the  core  room  to  them. 

The  main  advantage  sought  was  economy  of  labor  in 
handling  the  great  quantities  of  materials  in  this  large  foundry; 
but  there  were  two  other  incidental  features  almost  as  valuable. 
The  molders  were  relieved  from  the  part  of  the  ordinary 
molders'  duties  requiring  least  skill  and  were  enabled  to  give 
their  entire  time  to  molding.  Pouring,  shaking  out,  tempering, 
etc.,  were  performed  by  independent  gangs,  each  thus  attaining 
the  highest  proficiency  in  their  special  duty. 

Each  molder  and  helper  put  up  regularly  60  flasks  per 
hour  and  600  per  day;  and  in  a  foundry  which  had  already 
attained  a  very  high  degree  of  efiiciency  in  ordinary  methods 
of  operation  and  was  on  a  piece  work  basis,  a  saving  of  ^ 
per  pound  was  effected.  This  was  a  very  large  saving  under 
the  circumstances  and  at  that  time. 

The  other  incidental  advantage  was  the  saving  of  room  or 
a  great  reduction  in  the  area  of  building  needed  for  the  required 
output.  This  can  readily  be  appreciated  as  each  molder 
required  no  "floor"  for  the  accumulation  of  his  molds  before 
pouring.  In  a  foundry  somewhat  similarly  equipped  some  years 
later,  1  was  told  by  the  architect  that  the  cost  of  the  conveying 
system,  about  $80,000,  was  considerably  less  than  that  of  the 
buildings  required  to  give  the  additional  floor  area  providing 
a  conveyor  system  was  not  installed. 

The  Westinghouse  plant  was  the  forerunner  of  many  other 
continuous  or  semicontinuous  systems  which  have  been  instaOed. 

ITie  general  principles  are  the  same  as  described,  though 
in  some  cas^s,  where  the  molds  are  relatively  large  and  heavy, 
it  has  been  f bund  more  desirable  to  bring  the  iron  to  the  moM 
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as  soon  as  made,  conveying  away  the  large  castings  as  fast  as 
shaken  out. 

With  the  development  of  the  continuous  system,  where 
the  sand  is  used  over  and  over  again  during  the  day,  it  has 
been  found  essential  to  give  special  attention  to  the  cooling  of 
the  sand  and  to  its  preparation  or  conditioning. 

In  some  cases  the  normal  conveying  of  sand  on  belts  of 
sufficient  width  to  spread  it  thin  is  sufficient;  in  others  special 
aerating  devices  are  used. 

The  continuous  use  of  sand  is  usually  found  to  result  in 
its  becoming  granular,  in  the  formation  of  minute  pellets,  and 
the  loss  of  bond.     This  is  not  peculiar  to  the  reciprocating  con- 
veyor alone  as  Mr.  McKinnon  suggests  and  which  others  have 
concluded   from  the  action  of  that  conveyor  which   suggests 
rolling.    It  occurs  in  the  same  degree  in  systems  where  there 
are  no  such  conveyors  or  even  only  belt  conveyors.    Long  and 
close  observations  show  it  to  be  due  to  the  ctunulative  action  of 
chutes,  screens,  conveyor,  riddles  and  molds,  without  time  for 
the  moisture  to  thoroughly  and  completely  permeate  the  mass 
and  make  it  perfectly  homogeneous.    It  can  be  observed  in 
ordinary  molding  if  a  relatively  small  amount  of  sand  is  used 
over  and  over  again  during  the  day's  work.    It  can  be  wholly 
corrected  and  sand  in  perfect  condition  for  molding  produced 
by  passing  it  through  grinding  pans,  rolls  or  special  devices 
designed  for  the  purpose.    A  good  example  is  a  revivifier  which 
is  essentially  a  series  of  blades  revolving  at  very  high  speed. 
The  pellets  are  destroyed  by  impact  and  a  perfect  mixing  and 
homogeneity  obtained  at  the  same  time.     It  is  an  indispensable 
feature  of  most  of  the  continuous  systems  now  in  successful  use. 
Mr.  G.  K.  Hooper. — It  always  has  seemed  an  economic 
wrong  to  laboriously  handle  by  crude  methods  once  a  day  a 
tonnage  of  sand  equal  to  from  four  to  ten  times  the  tonnage 
of  castings  produced,  it  being  apparent  that  by  re-use  during 
the  day  and  by  improved  methods  both  the  total  quantity  of 
sand  and  the  labor  spent  upon  it  can  be  greatly  reduced.    The 
application  of  labor-saving  methods  to  sand  handling  is,  how- 
ever, as  in  all  other  things,  limited  by  the  conditions  surround- 
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ing  any  particular  product  and  each  case  must  be  studied  upon 
its  own  merits. 

The  statistics  given  by  the  author  as  to  minimum  tonnage 
of  sand  to  which  handling  methods  can  be  profitably  applied 
are  misleading,  as  is  the  statement  concerning  saving  of  floor 
space.  The  tonnage  handled  has,  as  a  matter  of  fact,  but  an 
indirect  relation  to  the  savings  to  be  made,  the  mold  being,  in 
my  judgment,  the  unit  on  which  any  consideration  of  sand  han- 
dling economies  should  be  based.  This  will  become  apparent  when 
it  is  realized  that  the  economies  to  be  made  are  based  on  the 
time  saved  in  making  the  mold.  If  the  depth  of  the  mold 
be  constant,  the  length  and  width  make  but  little  difference,  as 
the  sand  chutes  can  be  adjusted  to  suit.  Also  a  considerable 
difference  in  the  amount  of  sand  handled  will  make  but  slight 
difference  in  the  installation  and  operation  cost  of  a  handling 
system.     The  tonnage  is  therefore  an  entirely  unreliable  guide. 

Minimum  is  5000  Molds  Daily 

I  have  in  the  past  figured  a  number  of  proposed  installa- 
tions, the  calculations  developing  that  at  prewar  prices  a  pro- 
duction of  approximately  5000  molds  per  day  is  the  minimum 
basis  for  installation  of  such  a  system.  At  present  prices  of 
apparatus  this  figure  would  be  somewhat  increased,  depending 
upon  the  relative  increases  in  cost  of  apparatus  and  of  labor. 

Where  properly  applied  such  apparatus  increases  the  pro- 
ductivity of  foundry  labor  from  15  to  25  per  cent. 

In  the  author's  statements  concerning  saving  of  floor 
space  he  has  mistakenly  credited  the  sand  handling  apparatus 
with  such  a  saving.  Any  investigation  of  plants  to  which  the 
author  refers  will  undoubtedly  reveal  that  some  improved  rapid 
casting  method  was  simultaneously  installed  and  that  the  sav- 
ing in  floor  space  is  undoubtedly  due  to  the  latter.  As  a  matter 
of  fact,  the  installation  of  a  sand  handling  system  alone  would 
require  an  increase  in  floor  space  since  a  greater  number  of 
molds  could  be  made  per  day  and  additional  floor  space  would 
be  required  for  the  increase.  Floor  space  can  be  saved  only 
by  rapidly  taking  away  the  molds  made. 

As  to  the  apparatus  itself,  it  is  surprising  to  find  devices 
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described  by  the  author  which  have  been  proved  by  long  experi- 
ence in  sand  handling  to  be  unnecessary  and  in  fact  detrimen- 
tal from  an  operating  point  of  view. 

Second  Screen  Deemed  Unnecessary 
These  are  a  second  screen  for  removing  foreign  matter 
and  a  storage  tank  for  the  diffusion  of  moisture  through  the 
sand.  It  is  possible  to  say  without  reserve,  based  on  an  experi- 
ence of  nearly  20  years  in  the  design  and  operation  of  such 
apparatus,  that  one  screen  can  do  all  of  the  necessary  cleaning 
for  any  handling  system  even  for  sand  used  on  delicate  work 
requiring  fine  surface,  and  that  the  introduction  of  a  second 
screen  serves  no  useful  purpose. 

The  storage  tank  also  is  proven  by  experience  to  be  un- 
necessary. It  is  at  best  but  a  resultant  of  trade  tradition  and 
conservatism.  There  are  a  number  of  successful  systems  in 
operation  over  long  terms  of  years  without  such  a  storage 
tank,  some  of  them  designed  by  me,  in  which  the  sand  is 
cleaned,  cooled,  tempered  and  used  again  in  the  mold  in  about 
20  minutes  from  the  time  of  shaking  out,  with  a  very  low 
casting  loss.  The  storage  tank,  as  the  author  rightly  points  out, 
introduces  complication  through  the  necessity  of  feeding  devices 
and  it  has  also  other  operative  drawbacks,  to  say  nothing  of 
its  original  cost. 

I  agree  with  the  author  as  to  the  disadvantage  of  carrying 
tempered  sand  in  a  bucket  elevator  and  also  as  to  the  faults 
of  the  reciprocating  type  of  conveyor.  The  action  of  the  latter 
in  "balling"  the  sand  is  well  established  by  experience  and  it 
has  also  the  defects  of  gradual  reduction  of  capacity  through 
wearing  of  the  paddles  or  flights  and  a  tendency  to  become  inop- 
erative through  flooding  or  temporary  overloading  due  to 
momentary  derangements  elsewhere  in  the  system.  A  flooded 
conveyor  practically  always  means  a  stoppage  with  consequent 
time  loss  and  a  dirty,  inconvenient  job  of  cleaning  up. 

Equipment  for  Sand  Distribution 

In  the  matter  of  sand  distribution  to  molding  stations, 
experience  has,  in  my  judgment,  proved  the  flight  conveyor  to 
be  far  superior  to  the  combined  belt  and  plows  advocated  by 
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the  author.  The  latter  is  a  crude  device  requiring  attention 
from  an  operative  for  keeping  the  hoppers  and  chutes  supplied 
and  the  surplus  sand  properly  disposed  of.  Such  a  belt  is  also 
subject  to  spill,  thus  involving  the  necessity  of  cleaning  up. 
Further,  it  will  not,  without  assistance,  take  care  of  flooding. 

The  flight  conveyor  is  open  to  none  of  these  objections  as 
it  distributes  sand  automatically  to  the  chutes  through  holes  in 
the  bottom  of  its  trough,  it  keeps  its  trough  clean,  removes 
surplus  sand  without  attention  and  automatically  takes  care 
of  flooding. 

Too  much  support  cannot  be  given  to  the  author's  state- 
ment of  the  necessity  of  competent  mechanical  supervision  of 
such  apparatus.  Being  a  machine  of  considerable  magnitude 
and  an  essential  link  without  which  all  the  other  molding  oper- 
ations cannot  proceed,  it  is  of  the  utmost  importance  that  it 
be  properly  attended.  A  competent  machinist  or  millwright 
usually  develops  sufficient  skill  to  keep  such  an  apparatus  in 
proper  operating  condition,  and  such  a  one  should  be  put  in 
charge  of  and  made  responsible  for  the  mechanical  operation 
of  the  apparatus.  Such  a  man  can  usually  develop  sufficient 
skill  also  to  be  made  responsible  fof  the  condition  of  the  sand, 
thus  removing  this  task  from  the  shoulders  of  the  foundry 
foreman  and  removing  also  any  chance  for  conflict  of  responsi- 
bility between  the  mere  operation  of  the  apparatus  and  its 
proper  functioning  as  a  sand  conditioning  device. 
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The  Value  of  a  Scrap  Pile 

By  Henry  Traphagen,  Toledo,  O. 

Defective  castings — ^the  tenants  of  the  scrap  pile — offer 
to  the  discerning  and  ambitious  foundryman  knowledge  that 
is  beyond  price.  Show  the  foundry  expert  the  scrap  pile, 
and  he  will  tell  you  the  caliber  of  the  foundry,  for  evidence 
of  either  constructive  progress  or  the  senseless  repetition  of 
blind  ignorance,  is  indelibly  and  relentlessly  stamped  on  that 
tell-tale  pile  of   rusting  iron. 

It  all  depends  upon  whether  the  defective  castings  are 
intelligently  examined  or  whether  they  are  buried  away  under 
old  barrels,  what  the  real  value  of  the  scrap  pile  will  be 
to  the  foundry.  Intelligently  examined  and  constructively 
criticized,  a  defective  casting  will  invariably  point  out  the 
antidote;  but  if  it  is  hidden  away  and  treated  as  an  enemy 
rather  than  a  friend,  it  means  that  casting  after  casting  will 
be  turned  out  in  the  same  old  way;  the  customer  will  be 
dissatisfied;  the  foundryman  will  liave  made  no  progress; 
and  the  establishment  itself  will  finally  rest  in  the  financial 
scrap  heap.  « 

The  up-to-date  foundry  should  have  at  least  one  com- 
petent, experimental  molder,  who  is  paid  by  the  day,  and 
not  hurried;  his  business  is  to  investigate  the  proper  method 
of  gating  and  heading  castings  as  they  come  into  the  shop. 
Every  department  is  interested,  every  responsible  department 
head  lends  his  bit  to  the  fund  of  general  knowledge.  The 
work  of  the  experimental  molder  is  thoroughly  examined, 
and  discussed.  If  consistent  and  concentrated  effort  is  made, 
it  will  be  but  a  short  time  before  the  experimental  molder 
is  turning  out  a  sound  casting. 

He  May  Go  To  China 
When  the  casting  comes  right,   tlien  it  should  be  either 
sketched  or  photographed  with  the  gates  and  heads  attached, 
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and  a  permanent  record  made.  If  the  same  job  comes  back 
a  year  or  two  later  it  is  immaterial  whether  the  experimental 
molder  is  in  China  or  the  superintendent  in  parts  unknown — 
that  casting  can  be  made  again,  for  the  proper  method  of 
making  it  is  on  record. 

It  would  appear  at  first  sight  that  experimental  molding 
would  be  an  almost  endless  task;  that  the  experimental 
molder  would  have  to  start  out  on  an  entirely  new  tack 
every  time  a  casting  came  into  the  shop,  and  that  the  number 
of  records  necessary  would  be  almost  overwhelming,  but  if 
foundrymen  will  carefully  investigate  this  method  of  experi- 
mental work,  they  will  find  that  after  all,  the  number  of 
real  basic  defects  that  are  found  in  castings  are  comparatively 
few.  They  will  discover  that  castings  naturally  group  them- 
selves into  a  few  well  defined  classes,  and  that  each  class 
is  subject  to  characteristic  defects  that  are  easily  recognized, 
and  in  a  short  time  they  will  learn  to  discount  possible  defects 
at  the  start. 

If  the  foundryman  can  grasp  the  broad  conception  of 
castings  as  a  whole;  if  he  can  master  the  few  fundamental 
laws  of  solidifying  metal,  he  will  have  made  no  small  measure 
of  progress  toward  the  desired  end.  But  unfortunately,  it 
seems  to  be  the  common  impressio;i  that  the  various  branches 
of  iron  and  steel  founding  are  peculiar,  each  to  itself;  for 
instance,  the  malleable  man  imagines  that  his  troubles  are 
quite  distinct  from  those  of  the  gray  iron  shop;  while  the 
gray  iron  founder  is  under  the  impression  that  gray  iron 
and  semisteel  obey  laws  that  were  designed  especially  for 
that  class  of  work;  and  it  is  sometimes  amusing  to  hear  the 
steel  man  dilate  upon  the  peculiar  and  mysterious  troubles 
of  the  steel  business. 

Now  if  the  foundryman  will  only  recognize  the  fact  that 
all  these  various  metals  are  alloys  of  carbon  and  iron;  that 
they  all  merge  one  into  the  other  without  any  sharp  line  of 
distinction;  and  furthermore,  that  they  all  in  general  obey 
the  same  laws,  then,  the  great  light  will  dawn  upon  him  that 
there  are  but  few  real  basic  troubles  in  a  foundrv. 
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Several  fundamental  difficulties  that  are  found  in  found- 
ries have  been  described  in  the  literature  on  the  subject; 
but  unfortunately  these  descriptions  seem  to  be  lost  in  a  maze 
of  papers  dealing  with  the  various  peculiarities  of  chemical 
ingredients,  new  fangled  methods  of  chemical  analysis,  long 
discussions  on  grain  aggregates,  and  in  fact,  everything  under 
the  sun,  except  a  frank,  plain  discussion  of  the  foundryman's 
troubles.  It  is  because  of  the  great  difficulties  in  wading 
through  a  mass  of  literature  that  the  average  foundryman  has 
become  disgusted  with  chemists  and  scientists  in  general;  and 
judging  from  the  impractical,  high-brow  contributions  that  they 
have  given  later-day  literature,  it  would  appear  that  the  found- 
ryman's disgust  is  well  founded. 

If  the  foundryman  will  carefully  study  his  defective  cast- 
ings the  writer  believes  that  he  will  ultimately  agree  that  all 
of  the  defectives  can  be  traced  to  one  of  a  very  few  fundamen- 
tal errors.  In  general,  these  fundamental  errors  may  be 
summed  up  as  follows: 

First. — The  personal  equation,  or  in  other  words,  the  care- 
lessness of  the  workman. 

Second. — Over-production,  which  puts  a  premium  on  care- 
less, sloppy  work. 

Third. — The  attempt  to  make  good  material  out  of  junk. 

Fourth. — False  economy,  which  results  from  the  use  of 
too  little  fuel,  too  much  scrap,  cheap  refractories  and  too  great 
a  reliance  in  green  sand  molding. 

It  has  been  the  writer's  experience  that  of  all  troubles  in 
the  foundry,  about  10  per  cent,  can  be  traced  to  the  melting 
department  and  the  other  90  to  the  molding  department. 

To  produce  a  good  casting  from  any  kind  of  iron  or 
steel,  it  is  absolutely  essential  that  the  metal  be  hot  and  fluid. 
But  unfortunately,  hot,  lively  metal  is  not  as  common  in  our 
fotmdries  as  one  would  be  led  to  expect,  and  the  causes  of  cold 
m^tal  may  be  briefly  summarized  as  follows: 

The  bed  in  the  cupola  may  be  too  low.  This  is  a  very 
common  error  and  generally  results  in  cold,  sluggish  metal.  It 
is  a  simple  matter  to  determine  whether  or  not  the  bed  is 
loW.     Leave  the  tap  hole  open,  turn  on  the  blast,  and  note  the 
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time  that  it  takes  for  the  first  metal  to  run  over  the  spout. 
If  iron  appears  in  less  than  10  minutes,  it  is  almost  a  certainty 
that  the  bed  is  too  low.  A  low  bed  means  dirty,  porous,  weak 
castings,  because  of  the  metal  melting  directly  in  front  of  the 
tuyere  blast  and  becoming  unduly  oxidized. 

Another  prolific  source  of  cold  metal  lies  in  the  attempt 
to  conform  to  a  prearranged  melting  ratio.  In  the  dictionary 
of  common  sense  there  is  no  such  word  as  melting  ratio.  The 
correct  melting  ratio  is  the  amount  of  coke  that  will  give  hot, 
fluid  metal;  and  this  amount  of  coke  will  vary  with  the  size 
of  the  cupola,  the  amount  of  scrap  used,  the  kind  of  coke,  the 
percentage  of  steel  used  in  the  mixtures,  and  the  size  and 
condition  of  the  sprues.  It  is  therefore  evident  how  ridiculous 
it  is  for  anyone  to  attempt  to  lay  down  a  specific  melting  ratio 
for  cupola  practice. 

Cold  metal  in  the  converter  can  generally  be  laid  to  one 
or  two  causes.  In  the  first  place  the  metal  in  the  cupola  may  be 
cold  for  one  of  the  reasons  just  enumerated;  the  percentage 
of  silicon  may  be  too  low  for  successful  blowing,  or  what  is 
most  common,  the  lining  of  the  converter  may  be  too  wet,  or 
there  may  be  a  leak  either  in  the  wind  chest  or  somewhere 
along  the  line.  It  is  rarely  found  that  cold  metal  can  be  traced 
to  a  variation  in  chemical  content,  and  before  the  foundryman 
wastes  any  time  fooling  around  the  laboratory,  it  is  far  better 
that  he  examine  his  cupola  practice,  his  converter  linings  and 
his  wind  apparatus. 

Another  Cause  for  Cold  Metal 
There  is  another  great  fundamental  cause  for  cold  iron, 
and  this  cause  operates  not  only  in  the  cupola,  but  in  the  con- 
verter, the  air  furnace,  the  open-hearth  furnace,  the  crucible 
furnace  and  even  in  the  electric  furnace. 

We  refer  to  the  effects  of  oxygen,  or  as  it  is  commonly 
called,  oxidized  metal.  There  is  no  disputing  the  fact  that 
foundries  very  frequently  receive  shipments  of  pig  iron  that 
will  not  produce  hot  iron,  no  matter  how  careful  the  melting 
practice  may  be,  and  such  iron  is  delivered  much  more  fre- 
quently than  the  average  foundryman  has  any  idea  of.     It  is 
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useless  to  check  up  the  analyses  of  such  material,  for  the  blast 
furnace  laboratory  report  will  in  nearly  every  case  be  correct, 
and  the  fact  that  it  is  correct  furnishes  the  chief  alibi  for  the 
furnace. 

Pig  iron  is  sold  on  chemical  analysis  only,  and  it  is  pre- 
sumed that  if  the  analysis  conforms  to  the  customer's  require- 
ments the  iron  must  necessarily  be  satisfactory,  but  nothing 
is  further  from  the  truth  in  my  judgment.  The  pig  iron  that 
generally  causes  such  a  long  train  of  disagreeable  troubles,  such 
as  porous  castings,  skulled  ladles,  bunged-up  cupolas,  etc.,  is 
a  product  of  over-production;  the  furnace  people  may  not 
be  able  to  write  a  learned,  scientific  explanation  of  this  phe- 
nomenon, but  they  know  when  such  iron  is  made  and  they 
also  know  to  whom  the  iron  is  sent. 

The  furnace  people  know  when  they  have  what  is  called 
an  off -heat,  and  they  also  know  that  these  off  heats  are  caused 
by  badly  worn  furnace  linings,  the  use  of  coke  breeze,  the 
use  of  scrap  and  turnings  in  the  charges,  or  the  attempt  to 
smelt  a  very  refractory  ore,  such  as  magnetite.  It  appears  that 
such  off  pig  iron  is  caused  by  the  presence  of  oxides  dissolved 
in  the  metal  and  it  is  probable  that  the  most  prolific  source  of 
this  trouble  is  due  to  undecomposed  ore,  descending  into  the 
hearth  and  dissolving  in  the  metal. 

The  average  foundryman  is  not  interested  in  the  theory 
of,  this  condition,  but  he  is,  or  should  be  vitally  interested  in 
being  able  to  pick  out  such  defective  irons.  Oxygenated  pig 
iron  is  generally  full  of  gas  and  dirt;  almost  invariably  upon 
breaking  the  pigs,  a  large  gas  cavity  will  be  found  in  the 
interior. 

If,  on  breaking  a  shipment  of  iron  you  find  that  it  is  con- 
sistently unsound  and  full  of  gas  cavities,  reject  that  iron  if  you 
can  possibly  get  away  with  it.  But  if  the  furnace  absolutely 
refuses  to  take  such  iron  back,  which  is  too  often  the  case, 
then  the  only  recourse  left  to  the  foundryman  is  to  hold  the 
shipment  in  the  yard  and  use  it  very  gradually,  say  one  pig 
to  a  charge,  until  the  pile  is  gone. 

Defective  pig  iron  seems  to  be  getting  more  common  every 
day;  the  writer  has  found  it  in  practically  every  kind  of  a 
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foundry,  ranging  from  malleable  iron  up  to  steel.  The  fur- 
naces will  continue  to  ship  such  iron  just  so  long  as  the 
foundryman  is  content  to  buy  by  chemical  analysis,  and  chem- 
ical analysis  alone. 

The  Effect  of  Rust 
Another  source  of  cold,  sluggish  iron  and  steel  lies  in  the 
use  of  thin,  dirty,  rusty  scrap.  Such  material  as  rusty  flash- 
ings, turnings,  shearings,  punchings  and  other  fine  voluminus 
scrap  has  no  place  in  the  melting  furnace,  if  the  melter  expects 
to  get  sound,  healthy  metal.  Suth  scrap  is  being  used  literally 
by  thousands  of  tons  in  our  open-hearth  furnaces  today.  It  is 
common  in  steel  foundries,  malleable  shops  and  gray-iron 
foundries.  But  the  result  is  the  same,  no  matter  what  type  of 
furnace  is  being  used  or  what  kind  of  product  is  being  manu- 
factured. 

Witness  our  quick-rusting  sheets,  our  brittle  steel,  our  deep 
drawing  stock  that  won't  draw,  our  hard  cast  iron,  brittle  mal- 
leable, and  dirty  porous  castings,  and  you  have  a  survey  of  the 
penalty   for   urging  your    scrap   on   the   producer. 

Rust  is  an  oxide  of  iron,  and  it  is  finely  divided.  During 
the  melting  process  this  rust  or  oxide  enters  the  metal  and 
becomes  emulsified.  And  no  amount  of  fluxes,  deoxidizers,  or 
other  cleansing  agents  will  get  it  out.  I  believe  suspended 
oxides  in  metal  are  causing  more  trouble  today  in  the  iron 
and  steel  industry  than  any  other  one  thing.  The  use  of  such 
material  is  directly  at  variance  with  all  the  sound  principles  of 
metallurgy.  How  long  the  manufacturers  will  use  this  material 
and  how  long  the  consumer  will  continue  to  receive  such  metal 
is  a  problem.  But  the  light  is  breaking  and  the  day  of 
reckoning  for  the  iron  and  steel  manufacturers  who  attempt 
to  melt  up  nothing  but  junk,  is  close  at  hand. 

It  would  appear  at  first  sight  that  cold  metal  is  distinctly 
a  problem  of  the  melting  department,  but  it  effects  the  molding 
department  so  strongly  that  the  molder  must  take  it  into  con- 
sideration. It  is  a  well  known  fact  that  the  moment  molten 
metal  strikes  the  mold  a   large  volume  of   gas  is  generated. 
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This  gas  is  formed  from  the  decomposition  of  binding  mate- 
rials, but  most  of  it  comes  from  the  water  that  is  in  the  mold. 
.  If  such  gas  is  not  allowed  free  exit,  it  is  going  to  be 
trapped  in  the  metal,  and  the  colder  the  metal  is  the  more 
quickly  it  will  set,  and  the  more  likely  it  is  that  the  gas  will  be 
trapped  under  a  skin  of  frozen  metal. 

How  many  times  does  a  foundry  turn  out  what  is  appar- 
ently a  perfect  casting  only  to  find  it  rejected  in  the  machine 
shop  just  as  soon  as  the  first  cut  is  taken  from  the  cope  side. 
The  gas  trying  to  escape  has  been  trapped  just  below  the  sur- 
face because  the  metal  has  set  too  quickly  to  allow  the  gas  to 
get  away;  this  is  a  very  common  defect  in  green-sand  molding; 
hence  the  necessity  when  attempting  to  make  green-sand  work, 
of  having  the  metal  very  hot  and  fluid  and  venting  not  only  the 
cope  but  the  drag,  and  making  sure  that  the  vents  in  the  cores 
are  wide  open. 

The  Sins  of  the  Cover  Core 

An  interesting  sidelight  in  connection  with  this  discussion 
is  the  question  of  oil-sand  cover  cores.  It  is  a  very  common 
occurrence  to  find  a  casting  made  under  a  thick,  hard  oil  sand 
cover  core,  with  absolutely  no  provision  for  the  escape  of  gas. 
The  foundryman  struggles  along  and  probably  gets  two  out  of 
ten  castings,  whereas  if  he  would  merely  puncture  the  cover 
core  with  three  or  four  pop  heads  and  let  the  gas  out,  the 
probabilities  are  that  all  of  the  castings  would  come  good. 
There  is  not  a  week  that  passes  but  that  the  writer  is  not 
called  upon  to  remedy  this  mistake  in  some  foundry,  for  it  is 
remarkable  how  frequently  this  mistake  is  made. 

The  question  of  shrink  heads  or  risers  is  one  that  is  given 
too  little  consideration  in  the  foundry.  A  head  to  be  of  any 
value,  must  be  large  enough  in  cross  section  so  the  heap  sand 
will  not  freeze  it  up  too  quickly.  It  is  well  to  remember  that 
probably  not  over  30  per  cent  of  the  cross  section  of  a  head 
is  available  for  feeding  and  this  statement  applies  with  more 
than  ordinary  force  to  the  neck  of  the  feeder;  it  is  folly  lo 
make  a  great  big  head  and  then  neck  it  down  so  narrow  that 
the  neck  freezes  almost  instantly,  and  it  is  equally   futile  to 
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expect  a  head  to  feed  if  it  is  not  placed  squarely  upon  tbe 
casting.  But  how  often  does  one  find  a  head  with  a  neck  say 
2%  or  3  inches  in  diameter  about  one-fourth  of  which  is 
attached  to  the  casting  and  the  rest  is  wandering  off  in  space. 

The  common  practice  of  taking  an  old  splintered  blodc 
of  wood,  sticking  it  into  the  pattern  with  a  nail,  and  attempting 
to  make  an  efficient  head  is  the  falsest  of  false  economy. 
A  foundry  should  have  a  stock  of  standard  heads  carefully 
made  in  the  pattern  shop  and  fitted  with  dowel  pins  so  that  they 
can  be  set  squarely  upon  the  pattern  with  little  danger  of  being 
misplaced. 

There  is  a  tendency  among  foundrymen  of  the  present 
day  to  skimp  on  heads.  They  love  to  talk  about  their  very 
low  sprue  returns  but  they  neglect  to  state  that  the  welder 
works  overtime  every  night.  Molten  metal  will  shrink  as  it 
cools  and  that  shrinkage  must  be  taken  up  either  by  overhead 
feeding  or  internal  chilling,  and  when  a  foundryman  tries  to 
tell  you  that  his  castings  are  sound  without  any  kind  of  feed- 
ing, that  man  is  trying  to  change  the  laws  of  nature,  and  per- 
sonally I  cannot  see  how  he  is  going  to  get  away  with  it. 

Another  big  question  in  the  foundry  today  is  the  matter  of 
water  in  its  various  forms.  There  is  probably  no  other'  one 
factor  with  the  possible  exception  of  oxygen,  that  has  so  much 
to  do  with  the  success  or  failure  of  a  foundry  as  water.  Con- 
sider a  moment  some  of  the  troubles  directly  traceable  to  the 
old  HjO.  In  the  cupola  for  instance,  we  have  the  well  known 
rubber  bottom  from  wet  bottom  sand;  we  have  cold  metal  and 
slow  melting  from  wet  coke,  wet  iron,  and  moisture-laden 
air.  In  the  converter  we  have  wild  heats,  cold  metal  and  cut 
linings,  from  the  lining  being  too  wet.  In  the  foundry  we  have 
the  well  known  pin  holes  from  the  metal  boiling  on  the  surface 
of  a  wet  mold;  we  have  entrapped  gas,  and  dirt,  because  too 
much  water  in  the  facing  and  heap  sand  has  frozen  the  metal 
prematurely,  and  securely  trapped  the  gas  and  dirt  within. 

Hydraulic  Castings  and  Green  Sand  Molds 
A  casting  may  look  sound,  but  millions  of  tiny  bubbles  of 
exploding  steam  have  made  it  porous  so  that  it  will  not  stand 
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Up  under  gas  or  water  pressure.  All  over  the  country  found- 
ries are  making  hydraulic  and  ammonia  castings  by  the  green- 
sand  method;  and  they  are  stoutly  claiming  the  fact  that  they 
are  getting  away  with  it.  Careful  investigation,  however,  will 
prove  that  the  consumer  is  kept  busy  closing  up  porosities 
and  that  every  so  often  a  truck  load  of  defective  castings  are 
brought  back  to  the  foundry  and  are  carefully  smuggled  in  the 
back  door,  so  too  many  people  won't  see  them.  It  is  possible 
to  make  hydraulic  castings  in  green  sand  molds,  but  it  is  not 
possible  to  make  them  day  in  and  day  out  and  be  fairly  certain 
that  they  are  all  sound.  It  is  almost  an  impossibility  to  control 
the  water  in  the  green  sand  mold ;  and  water  suddenly  converted 
into  steam  has  a  habit  of  exploding  in  the  most  unforseen 
places  and  in  the  most  peculiar  ways.  As  a  general  rule,  a 
hydraulic  or  gas  casting  should  be  made  in  a  thoroughly  baked 
mold,  and  if  proper  materials  are  used,  and  the  melting  is  care- 
fully done  and  the  mold  is  kept  clean,  there  is  no  trick  in 
turning  out  acceptable  hydraulic  castings. 

There  is  one  more  item  in  the  molding  department  that 
deserves  attention  and  that  is  the  proper  method  of  pouring. 
The  scrap  pile  receives  a  great  many  contributions  because 
of  the  carelessness  or  incompetency  of  the  man  at  the  ladle. 
Every  ladle  of  metal  should  be  held  for  a  minute  or  two  to 
allow  the  slag  and  other  impurities  to  come  to  the  surface. 
Stopping  to  allow  the  metal  to  clear  itself  may  seem 
like  a  waste  of  time  to  the  modern  production  hog,  but  if  the 
gentleman  will  stand  by  a  ladle  and  watch  the  various  impuri- 
ties float  up  to  the  surface  he  will  understand  why  it  pays 
to  give  the  metal  time  to  clear.  In  the  end  more  good  castings 
will  accrue  from  such  practice,  and  in  the  final  analysis  real 
production  will  be  increased.  Metal  going  into  a  sand  mold 
should  be  poured  evenly  and  carefully  and  under  no  considera- 
tion should  hot  metal  be  poured  at  high  pressure  directly  over 
a  large  flat  area  of  sand.  Cuts  and  scabs  and  snakes  are  too 
often  the  result  of  fast,  furious  pouring.  It  is  far  better  when 
dealing  with  a  casting  having  a  large  flat  surface,  to  cut  back-up 
gates  and  break  the  force  of  the  stream  of  metal  rather  than 
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resort  to  a  mass  of  finishing  nails,  a  lot  of  swabbing  and  other 
dodges  to  prevent  the  facing  from  cutting. 

Another  exceedingly  common  error  is  the  practice  of  pour- 
ing metal  directly  up  against  a  core  at  right  angles  to  it.  If 
it  is  possible  to  allow  the  metal  to  slide  parallel  to  the  core, 
there  will  be  far  less  cutting  and  much  less  dirt. 

It  is  obviously  impossible  for  any  one  man  or  group  of  men 
to  enumerate,  much  less  describe,  the  many  apparent  defects 
and  troubles  that  exist  in  a  foundry.  If  the  foimdryman  will 
carefully  study  and  examine  the  defective  castings,  if  he  will 
try  to  trace  out  his  problems  from  cause  to  effect  rather  than 
trust  to  dumb  luck,  he  will  find,  as  stated  before,  that  the 
real  fundamental  troubles  in  the  foundry  are  comparatively 
few. 

The  value  of  a  scrap  pile  lies  in  the  fact  that  it  offers 
a  real  course  of  instruction  in  foundry  practice,  and  this  paper 
has  been  written  in  an  attempt  to  induce  the  foundryman  to 
commune  with  his  defectives,  to  study  their  peculiarities,  to 
grasp  the  principles  of  casting  in  their  broadest  sense,  to  realize 
his  responsibility  to  the  community,  and  finally,  it  is  written 
with  the  hope  that  the  foundryman  will  earnestly  strive  to 
manufacture  sound  castings,  rather  than  alibis  and  fictitious 
production  sheets. 


Discussion 

Mr.  Robert  J.  Anderson. — At  the  present  time,  foundries 
are  in  need  of  inquiry  as  to  the  reasons  for  scrap  losses  and 
wasters  in  the  production  of  castings,  and  no  preventative  meas- 
ures can  be  taken  until  the  causes  for  defects  are  known. 
Every  progressive  foundryman  should  inspect  h\^  daily  produc- 
tion with  a  view  to  determining  the  reasons  for  defects.  The 
suggestion  offered  in  the  paper  that  an  experimental  molder 
should  be  employed   is   sound.     Although   Mr.   Traphagen  has 
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not  given  any  figures  for  scrap  losses,  it  is  a  well  known  fact 
that  these  are  often  high  in  many  foundries. 

The  author  complains  of  the  work  done  by  scientific  men 
in  connection  with  foundry  practice  and  claims  that  their 
contributions  to  the  literature  are  of  little  value  to  foundrymen. 
The  writer  entertains  considerable  doubt  that  the  literature  of 
the  foundry  is  any  worse  than  that  of  any  other  industry,  and 
is  compelled  to  conclude  that  the  fault  does  not  He  entirely 
with  the  scientific  men.  It  seems  to  me  that  it  is  exceedingly 
dangerous  to  belittle  the  work  of  scientific  men  in  general.  As 
a  matter  of  actual  fact,  with  the  exception  of  the  present  paper 
by  Mr.  Traphagen.  and  a  few  other  papers  and  some  text  books, 
I  have  never  been  able  to  find  a  frank  discussion  of  the  found- 
ryman's  troubles  written  by  foundrymen.  This  is  an  oppor- 
tune time  for  foundrymen  to  lay  all  the  cards  on  the  table  and 
come  to  the  fore  with  a  frank  discussion  of  their  difficulties. 

Relation  of  Gases  to  Casting  Practice 

Mr.  Traphagen's  remarks  regarding  gas  evolution  when 
liquid  metal  is  poured  into  a  sand  ijiold  are  interesting.  The 
relation  of  gases  in  metals  and  alloys  to  casting  practice  is  one 
that  has  been  rather  neglected.  In  casting,  gases  are  derived 
from  two  sources;  those  evolved  from  the  metal,  and  those  set 
free  by  the  mold  and  possibly  the  cores.  Liquid  metal  cannot 
remain  in  an  impervious  mold  because  the  gases  evolved  must 
find  an  outlet.  In  the  case  of  an  impervious  mold,  the  gases 
would  find  a  path  to  freedom  by  throwing  the  metal  through 
any  possible  outlet,  and  here  there  would  be  a  kick-back  through 
a  runner  or  ejection  through  a  riser.  The  gases  evolved  on 
pouring  liquid  metal  into  a  sand  mold  must  be  drawn  through 
the  sand,  and  it  is  usually  necessary  to  augment  the  porosity 
of  the  sand  by  venting.  Blowholes  and  spongmess  in  castings 
may  be  due  to  gases  dissolved  in  liquid  metals  which  are  liber- 
ated on  final  freezing.  These  defects  can  also  result  from  gases 
given  oflF  from  the  mold  and  cores  on  pouring.  Chill  blows  and 
core  blows  are  defects  which  every  foundryman  is  familiar  with, 
and  they  can  be  overcome  by  proper  precautions.  With  par- 
ticular regard  to  gases  in  metals,  liquid  metals  dissolve  increas- 
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ing  quantities  of  gas  with  rising  temperatures.  This  is  a  depar- 
ture from  the  law  of  Henry,  for  aqueous  solutions  dissolve  less 
gas  with  increasing  temperatures.  Hence  the  higher  any  metal 
or  alloy  is  heated  before  casting,  the^  more  gas  will  be  dissolved. 
These  gas-metal  solutions  readily  remain  supersaturated,  and 
consequently  an  overheated  melt  will  usually  contain  more  gas 
at  the  moment  of  pouring  than  one  heated  not  so  high.  If 
the  dissolved  gas  is  largely  given  off  during  the  freezing 
range,  and  this  appears  to  be  the  case,  then  castings  poured 
from  overheated  charges  will  be  more  porous  than  those  poured 
from  charges  heated  to  the  correct  temperature.  Probably  the 
greatest  variable  in  iron  and  steel  casting  practice,  with  the 
exception  of  the  human  element,  is  the  casting  temperature. 

Troubles  Traced  to  Molding  Practice 

In  the  daily  inspection  of  castings,  it  is  possible  to  enu- 
merate the  defects  which  lead  to  rejection,  determine  the  causes, 
and  make  corrections.  Defects  in  castings  may  be  grouped 
roughly  mto  three  classes,  namely  those  due  to  metallurgy,  those 
due  to  molding,  and  miscellaneous.  Mr.  Traphagen's  statement 
that  90  per  cent  of  the  troubles  can  be  traced  to  the  molding 
department  accords  with  the  writer's  experience.  Many  of  the 
defects  traceable  to  the  molding  department  are  due  to  careless- 
ness, and  this  is  particularly  true  under  fast  production  methods. 
Laxity  in  mold  inspection  is  a  prolific  cause  of  defects  in  the 
resultant  castings.  Misplaced  cores,  core  shifts,  cores  left  out, 
chills  left  out,  dirty  cores,  broken  cores,  poor  ramming,  misruns, 
run-outs,  etc.,  can  largely  be  avoided  by  proper  supervision. 
Many  of  the  defects  in  castings  can  be  placed  in  the  avoidable 
class  at  once.  Some  defects  are  due  to  the  method  of  molding, 
the  gating,  and  the  position,  and  size  of  risers.  These  cannot  be 
remedied  unless  by  changing  the  molding,  and  this  is  where  Mr. 
Traphagen's  experimental  molder  will  be  extremely  useful. 
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Concrete  Foundry  Molding  Floors 

By  HuTTON  H.  Haley,  New  York 

A  foundry,  no  matter  what  its  kind,  type  or  size,  is  not  a 
solid,  compact,  producing  institution  in  the  same  sense  as  those 
branches  of  the  metal-working  art  with  which  it  is  so  closely 
associated.  Almost  every  part  of  a  machine  shop,  for  instance, 
may  be  operated  with  clock-like  regularity;  every  move,  opera- 
tion, cost  or  loss  may  be  closely  tabulated  and  predetermined 
if  necessary.  Hence  the  machine  shop,  which  usually  has 
an  intimate  connection  with  the  foundry,  is  tangible  in  its  opera- 
tions. The  foundry,  however,  may  be  likened  to  the  stomach 
into  which  raw  materials  are  taken,  broken  down,  assimilated 
and  a  new  product  generated  with  varying  degrees  of  wastage. 
The  foundry  is  constantly  affected  by  wide  ranges  of  fluctua- 
tions, caused  by  innumerable  unpreventable  conditions  and  con- 
tingencies, therefore  it  is  recognized  by  those  well  versed  in  its 
practices  to  be  perhaps  the  most  intangible,  misrepresented  and 
least  understood  of  all  our  great  industries. 

In  a  foundry  it  must  be  understood  that  the  basis  of  pro- 
duction is  and  probably  always  of  necessity  will  be  more  or  less 
destructive,  crude,  dirty  and  disagreeable  compared  with  other 
metal-working  processes.  The  fluctuating  common-labor  ele- 
ment will  always  play  an  important  part  as  it  cannot  be  entirely 
supplanted  by  mechanical  devices.  This  being  the  case,  it  would 
seem  wise  to  anticipate  the  most  agreeable  conditions  possible  and 
to  provide  every  reasonable  facility  for  light,  air,  cleanliness,  neat- 
ness and  order.  The  foundry  is  too  often  pictured  as  a  place 
where  filth,  darkness,  heat  and  disorder  abound  and  very  often 
all  of  these  disagreeable  conditions  exist.  However,  anyone  who 
has  visited  any  number  of  our  most  up-to-date  foundries  will 
readily  agree  the  reverse  may  be  true.  No  floor  expanse 
may  be  viewed  with  as  much  pride  and  satisfaction  as  a  business- 
like foundry,  shipshape  and  ready  for  work  shortly  before  seven 
o'clock  in  the  morning  or  just  before  heat  time,  with  its  floor 
checkered  with  thousands  of  orderly  molds.     Every  profit-mak- 
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ing  foundry  should  be  kept  in  "fighting  trim"  and  one  of  the 
most,  if  not  the  most  important  contributions  to  such  a  cond- 
ition, is  a  satisfactory  floor. 

Five  Basic  Features 

The  five  basic  mechanical  features  of  a  successful  foundry 
may  be  analyzed  as  follows:  (a)  Good,  firm,  level  and  clean 
floors;  (b)  well  prepared  molding,  facing  and  core  sands; 
(c)  the  best  of  pattern  and  flask  equipment;  (d)  efficient  me- 
chanical molding  devices  and  equipment;  and  (e)  correctly  pro- 
portioned casting  metals.  Each  plays  its  part,  has  its  function 
to  perform  and  contributes  to  the  sum-total  result. 

There  exists  in  the  minds  of  many  foundrymen  a  miscon- 
ception regarding  the  practical  use  of  concrete  for  foundry  mold- 
ing floors,  although  it  is  generally  agreed  among  the  users  of  this 
material  that  it  surpasses  other  forms  of  pavement.  No  pave- 
ment is  perfect,  yet  all  have  merit,  concrete  seeming  to  possess 
the  fewest  deficiencies. 

The  four  most  common  objections  to  the  use  of  concrete 
may  be  summed  up  as  follows:  First,  spattering  or  "popping" 
of  molten  iron  spilled  from  the  ladles  may  occur  where  concrete 
floors  are  used.  This  is  caused  from  an  almost  instantaneous 
generation  of  steam  when  the  molten  metal  comes  in  contact 
with  the  concrete,  which  is  more  or  less  moist  at  all  times. 
An  explosion  follows  and  particles  of  red-hot  metal  are  apt 
to  fly  5  or  6  feet  in  all  directions,  resulting  in  painful  bums. 
Occasionally  such  an  accident  has  been  responsible  for  loss 
of  eyesight.  This  complaint  may  be  entirely  overcome  by 
properly  finishing  the  surface  of  the  concrete,  as  described  later. 

The  second  objection  lies  in  the  crumbling  and  breaking 
down  of  concrete  floors  due  to  general  weakness  in  design, 
faulty  aggregate  composition,  insufficient  curing  when  green 
and  disintegration  from  violent  expansion  and  contraction 
caused  from  the  piling  of  very  hot  castings  on  the  concrete 
floor  after  a  shake-out.  All  these  complaints  may  be  automat- 
ically corrected  in  newly  laid  floors  if  the  specifications  and 
directions  given  in  this  paper  are   followed. 

The  third  objection,  of  which  less  is  heard,  is  the  likelihood 
of  tripping  and  falling  over  small  iron  balls  of  iron  or  shot, 
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formed  from  ladle  spillage.     This  objection  may  be  overcome 
by  properly  roughening  the  wearing  surface  of  the  floor. 

The  fourth  objection  to  concrete  for  molding  floors  is  found 
in  the  somewhat  exaggerated  claim  that  molders  voice  discom- 
fort while  working  on  it.  Any  solid  pavement  permits  a 
pounding  shock,  as  we  walk  over  it.  This  is  transmitted  all 
through  the  lower  extremities  of  the  body,  and  results  in  minor 
physical  injury,  producing  slight  leg  and  hip  fatigue  and  dull 
pains  or  soreness  in  the  instep  and  leg  muscles.  Usually  it  is 
from  molders  who  are  unaccustomed  to  working  on  concrete 
floors  that  the  complaints  come,  and  then  only  for  a  short  period 
until  their  muscles  harden.  We  are  all  of  us  accustomed  to 
pavements,  and  granting  as  we  must,  that  the  result  is  not 
entirely  satisfactory  in  this  one  physical  sense,  yet  we  find 
their  combined  benefits  eclipse  this  one  disadvantage,  and 
so  it  is  or  should  be  in  the  foundry.  None  of  us  would  con- 
sider dirt  walks  or  streets,  nor  would  a  foundryman  who  has 
experienced  the  results  from  a  good  concrete  floor  return  to  clay 
or  sand  floors.  It  would  perhaps  be  of  benefit  and  but  little 
trouble  and  expense,  to  make  a  die  and  cut  out  full  soles 
from  a  cheap  grade  of  rubber,  attaching  them  as  often  as 
required  to  the  molders'  shoes. 

Advantages  of  Concrete  Floors 

A  concrete  floor  has  the  advantage  of  presenting  a  clean 
and  dry  surface  thereby  preventing  pneumonia  and  chronic 
rheumatism,  especially  during  the  winter  season,  when  sand 
and  clay  floors  are  apt  to  be  continually  damp,  cold  and  fre- 
quently full  of  frost  during  the  forenoon.  There  are  not  a  few 
such  floors,  built  over  boggy  land,  which  have  induced  a  high 
mortality  rate. 

The  results  to  be  gained  from  paved  foundry  floors  are 
genuinely  worth  while.  For  instance  a  foundry  in  Toledo  found 
after  careful  time  studies  that  it  would  be  possible  to  reduce 
the  casting  losses  and  improve  the  quality  of  the  output  by  the 
installation  of  a  pavement  on  which  the  molds  would  rest 
firmly  and  evenly.  A  brick  floor  was  installed  and  the  result 
was  approximately  a  5  per  cent  gain,  divided  between  reduced 
losses  and  increased  production.    Level  molds  are  an  advantage 
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not  to  be  lightly  overlooked  in  these  days  of  intricately  cored, 
difficult,  thin-walled,  delicately  sectioned  castings.  Also  such 
a  pavement  provides  a  mechanical  guarantee  and  eliminates  the 
human  element  which  must  otherwise  be  depended  upon  to 
level  each  mold  set  down  on  the  usual  irregular  sand  or  clay 
floor. 

Brick  pavement  is  not  recommended,  as  its  structure  de- 
teriorates much  faster  than  concrete.  Furthermore,  it  breaks 
down  on  the  edges,  forming  holes,  and  is  disagreeable  to  shovel 
on.  A  Belgian  sawed  block,  set  on  concrete,  makes  a  splendid 
floor  but  is  very  expensive. 

In  a  general  way  it  may  be  said  that  the  use  of  concrete 
for  floors,  pits,  foundation  walls,  etc.,  is  not  thoroughly  under- 
stood by  the  average  contractor.  The  unsatisfactory  results  so 
frequently  experienced  from  concrete  floors,  leaky  pits,  cracked 
masonry,  etc.,  arises  from  the  ignorance  of  those  having  the 
preparation,  laying  and  curing  in  hand,  or  in  attempting  to 
hasten  the  completion  and  use  of  the  structure. 

Prepared  pavings,  such  as  brick,  wood  block,  etc.,  are  scien- 
tifically manufactured  to  set  standards  and  identical  results, 
under  average  conditions,  may  be  anticipated  and  guaranteed 
from  Maine  to  California.  With  concrete,  the  conditions  arc 
different.  The  Portland  cement  itself  is  standard,  but  it  forms 
only  a  small  percentage  of  the  total  aggregate  which  is  composed 
of  rock,  gravel,  sand  and  water.  Each  plays  an  important  part 
in  the  finished  result.  Being  bulky,  the  coarse  aggregates  must 
be  secured  locally,  each  varying,  as  is  to  be  expected,  in  quality, 
structure,  etc.,  according  to  origin.  The  preparation  of  the 
mixture,  a  highly  important  and  little  understood  factor,  is 
too  often  supervised  in  a  careless  manner  or  by  a  person  who 
possesses  experimental  ideas  of  his  own,  and  in  consequence 
the  result  is  apt  to  be  unsatisfactory. 

A  Specification  for  Molding  Floors 

The  data  given  in  the  following  are  based  upon  prac- 
tical experience  rather  than  theory,  and  it  is  hoped  this  paper 
will  be  of  benefit  and  may  bring  forth  voluntary  reports  from 
foundrymen  and  foundry  engineers  who  may  see  fit  to  adopt 
its  suggestions. 
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The  first  thing  to  consider  is  a  specification  for  concrete 
molding  floors.     This  specification  is  as  follows : 

(A  concrete  mixture  is  composed  of  three  prime  elements: 
Portland  cement,  fine  aggregate  and  coarse  aggregate.  The  pro- 
portions are  always  referred  to  in  the  order  given  above,  as  1:2:3 
mix,  which  is  composed  of  one  (1)  sack  of  Portland  cement,  two 
(2)  cubic  feet  of  fine  aggregate  and  three  (3)  cubic  feet  of  coarse 
aggregate.  A  cubic  yard  of  concrete  in  place  shall  contain  not  less 
than  six  and  eight-tenths  (6.8)  cubic  feet  of  Portland  cement) 

Subbase, — Concrete  floors  laid  over  ground  having  soft  spots  or 
on  boggy  ground  should  in  the  first  instance  have  the  soft  spots 
dug  out  and  filled,  and  in  the  latter  instance  the  entire  ground  cov- 
ered or  filled  with  from  3  inches  to  5  inches  of  gravel,  crushed  slag 
or  steam  coal  cinder  free  from  particles  of  unbumed  coal,  soaked 
thoroughly,  tamped  and  rolled  into  an  unyielding  mass.  It  is  impor- 
tant this  subbase  be  well  soaked  immediately  prior  to  placing  concrete 
thereon. 

Thickness. — With  proper  subbase  a  3-mch  concrete  floor  will 
suflBce  for  light  and  medium  heavy  work.  For  heavier  work  aiid  over 
boggy  and  sloppy  land  a  4-inch  floor  is  recommended.  For  heavy-work 
center  bay  floors  the  thickness  should  be  increased  to  5  indies.  A  found- 
ry mehing  floor  should  always  be  one  course,  that  is»  bid  solid  to  the 
thickness  desired  in  one  operation  without  a  second  finish  coat. 

Fine  Aggregate.— ¥mt  aggregate  shall  consist  of  natural  dean 
sand  or  screenings  from  hard,  tough  rock  or  gravel  which,  when 
dry,  will  pass  a  No.  4  wire  mesh  screen. 

Coarse  Aggregate.'-This  shall  consist  of  clean,  hard,  tough 
crushed  rock  or  pebbles  graded  to  sise  and  shall  contain  no  soft, 
flat  or  dongated  particles.  The  size  shall  range  from  three-quarters 
(H")  inch  maximum  for  a  4-inch  or  5-inch  floor  down  to  one-half 
W)  inch  maximum  for  a  3-inch  floor.  Limestone  and  shale  should 
be  avoided  if  possible  as  the  structure  of  either  is  none  too  good. 
New  England  trap  rock  surpasses  all  other  stone  for  coarse  aggregate 
and  where  the  freight  rate  is  not  prohibitive  its  use  is  recommended. 

Coarse  Iron  Aggregate.—Thi$  aggregate  should  be  composed  of 
cast-iron  borings,  preferably  from  cylinder,  piston  or  similar  iron. 
These  borings  contribute  a  bonding  strength  to  the  concrete  and  form 
avenues  for  the  absorption  and  escape  of  excessive  heat  from  hot 
metal  spillage  and  the  piling  of  hot  castings  on  the  floor,  thereby 
preventing  undue  expansion  and  contraction  of  the  concrete  and 
consequent  deterioration.  This  iron  aggregate  may  be  extended  all 
through  the  entire  molding  floor  with  very  benefidal  results  if  desired, 
in  which  even  only  10  per  cent  (10%)  by  volume  of  the  total 
concrete    mix    need    be    borings,    except    for   the    gangway    where    the 


Digitized  by  V^OOQ IC 


452  American  Foundry  men's  Association 

borings  should  be  increased  to  2:1:3  of  borings,  or  a  1:1:1  mixture 
plus  1  of  borings.  In  the  event  only  the  gangway  aggregate  is  to  be 
treated  with  borings,  it  should  be  amply  deep  to  provide  for  laying 
hot    castings    thereon. 

Machine  Mixing. — The  ingredients  of  the  concrete  floor  shall  be 
mixed  to  an  even  consistency  in  a  mechanical  batch  mixer  of  im- 
proved design  and  mixing  shall  continue  for  at  least  one  minute,  pref- 
erably somewhat  longer,  after  all  the  materials  are  in  the  drum. 
Raw  materials  shall  not  be  permitted  to  enter  the  drum  until  all 
the  material  of  the  preceding  batch  has  been  discharged.  It  is 
impossible  to  secure  an  even,  thorough,  homogeneous  mix  by  hand 
methods,  which  should  never  be  attempted. 

Retempering, — Retempering  of  unused  concrete  which  has  partly 
hardened;  that  is,  remixing  with  or  without  additional  materials  or 
water,  shall  not  be  permitted  under  any  circumstances.  Such  material 
shall  be  discarded. 

Water. — Use  the  smallest  quantity  of  water  which  will  produce 
a  workable  mix.  It  is  highly  important  that  the  proportion  of  water 
in  the  concrete  mix  be  too  little  rather  than  too  much.  A  normal 
plastic  workable  1 :2 :3  mix  should  present  what  is  termed  a  quaky 
state,  to  secure  which  the  average  minimum  water  per  sack  of  cement 
used  should  run  five  and  one-half  (5 5^2)  gallons  to  not  more  than 
six    (6)    gallons.    The    function    of    water    in    concrete    is    two-fold: 

(1)  To    supply    the    water    necessary    for    hydration    of    the    cement, 

(2)  and  for  the  purpose  of  producing  a  plastic  mix.  The  influence 
of  the  water-ratio  on  the  strength  of  concrete  may  be  readily 
understood  when  by  way  of  illustration  it  may  be  said  that  one  pint 
more  water  than  necessary  to  produce  a  plastic  concrete  in  a  1 :2 :3 
mix,  for  example,  reduces  the  strength  to  the  same  extent  as  though 
2  to  3  pounds  of  Portland  cement  were  omitted  from  a  one-bag  batch. 
The  reason  that  a  rich  cement  mixture  gives  higher  strength  than 
a  lean  one  is  not  that  more  cement  is  used,  but  because  the  concrete 
can  be  and  usually  is  mixed  with  a  lower  water  ratio  in  the  case 
of  the  richer  mixture.  In  general  it  will  not  be  feasible  to  use 
concrete  of  a  consistency  which  will  give  the  maximum  strength,  since 
it  is  somewhat  too  stiff  for  satisfactory  working.  Hence  some  sacrifice 
of  strength  is  necessary  in  order  to  secure  a  workable  mix.  It  is 
urged  that  the  water  content  here  specified  be  not  exceeded  for 
foimdry  floors. 

Placing, — Before  placing  concrete  thereon  the  subbase  should  be 
thoroughly  soaked.  After  mixing  the  concrete  shall  be  handled  rap- 
idly and  in  successive  batches,  within  thirty  (30)  minutes  after  water 
has  been  added  to  the  dry  materials,  and  shall  be  deposited  in  a 
continuous  operation  completing  (when  laid  in  slab  form)  individual 
sections  to  the  required  length  and  depth  without  stoppage  for  any 
cause.    Any    excess    of    concrete    over    that    needed    to    complete    a 
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section,  at  the  stoppage  of  work,  shall  be  discarded  and  not  used 
under  any  circumstances.  In  no  case  shall  concrete  be  deposited  upon 
a  frozen  subbase  nor  shall  a  completed  green  floor  be  exposed  to 
freezing  weather  without  tarpaulin,  canvass  or  some  other  such 
protection  spread  over  it. 

Forms. — All  wood  forms  shall  be  thoroughly  cleansed  of  old 
mortar  and  dirt  and  wetted.  Metal  forms  should  be  coated  with 
oil,  soft  soap  or  whitewash  before  depositing  concrete  against  them. 
It  is  undoubtedly  a  mistake  to  use  the  individual  slab  practice,  with 
expansion  joints  for  a  molding  floor.  The  edges  of  slabs  whether 
rounded  or  square  will  in  time  break  down.  Once  concrete  suffers 
a  bad  hole  or  crack  it  deteriorates  at  that  point  in  a  manner  similar 
to    a   tooth    with   perforated    enamel. 

Expansion  Joints. — It  is  recommended  that  no  expansion  joints 
be  provided  in  the  finished  floor,  the  concrete  in  forms  being  struck 
off  level  with  sharp  edges;  the  forms  removed  when  the  concrete 
has  hardened  to  the  point  where  there  is  no  danger  of  a  slump, 
and  the  sides  so  exposed  well  roughened  in  order  that  when  the 
concrete  in  the  adjacent  slab  is  laid  thereto  it  will  thoroughly  knit 
into  the  roughened  surface  provided.  To  assist  in  perfecting  a  knit 
it  is  well  to  brush  the  roughened  surfaces  with  a  mixture  of  neat 
cement  grout  of  a  creamy  consistency  just  previous  to  placing  the 
fresh  concrete  against  the  side  surface  of  the  preceding  slab  which 
has  been  so  prepared.  Grout  should  not  be  used  after  it  is  45 
minutes  old.  Special  pains  should  be  taken  to  eradicate  any  sur- 
face seams,  crevices  or  edges  as  the  floor  is  bound  to  be  weak  and 
subject   to   disintegration   at   such   points. 

Finishing, — When  finishing  a  concrete  molding  floor  to  be  ter- 
minated at  the  gangway  wherein  wood  block  are  to  be  installed, 
the  edge  of  floor  should  be  finished  off  with  a  light  angle  iron,  the 
web  of  which  should  equal  the  thickness  of  the  floor,  pressed  or 
embedded  firmly  into  the  concrete  as  a  curbing.  In  a  strictly  slab 
floor,  not  reinforced,  the  limit  is  100  square  feet.  In  a  continuous 
foundry  floor  where  the  forms  are  used  rather  as  a  convenience 
while  placing  the  concrete  and  to  provide  for  the  immediate  contrac- 
tion during  setting,  the  slabs  may  be  increased  into  whole  sections 
sized  conveniently,  it  only  being  necessary  to  complete  each  section 
through  continuous  operations  without  any  stoppage  of  work  for 
any  cause. 

The  finishing  and  curing  of  a  concrete  molding  floor  is  of  prime 
importance.  After  placing  the  concrete  it  should  be  struck  off  with 
a  sweep  or  strike-board  to  the  established  grade  of  the  forms. 
Further  working  should  be  avoided;  the  wood  float  or  trowel  being 
absolutely  taboo.  The  surface  must  not  under  any  circumstances  be 
troweled  or  finished  smooth.  When  the  floor  has  set  to  a  consistency 
of   stiff   putty  and   will   show   no   slump,   a    long-handled   hand    roller. 
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having  parallel  or  checkered  corrugations  three-eigfaths  (fi^)  indi 
deep  and  of  sufficient  weight  to  make  full  indentations  in  the  concrete 
surface  should  be  passed  over  the  floor  and  gangways.  These  inden- 
tations will  hold  sufficient  sand  to  prevent  popping  of  molten  iron 
when  spilled  on  the  surface  of  a  concrete  floor  so  finished,  even 
though  the  floor  be  swept  Furthermore,  the  indentations  provide 
nests  to  collect  and  hold  the  shot  iron  which  are  apt  to  throw 
workmen. 

Curing, — Perhaps  the  greatest  cause  for  the  failure  of  concrete 
floors  may  be  traced  to  the  entire  lack  of  or  insuflkient  curing  of 
newly  laid  green  material.  All  forms  of  concrete  show  great  in- 
creases in  strength  under  favorable  curing  conditions  as  compared 
with  specimens  which  have  been  allowed  to  air  dry.  In  arid  regions 
and  during  warm  weather  freshly  laid  concrete  is  exposed  from  the 
moment  it  is  laid  to  rapid  evaporation  of  the  mixing  water.  There- 
fore the  chemical  action  in  process  during  "setting"  is  retarded  and 
a  portion  only  of  the  strength  is  secured.  Concrete  floors  of  any 
character  should  be  covered  with  sand,  shavings,  saw-dust,  or  some 
such  material  as  soon  as  the  floor  has  set  to  a  consistency  which 
will  permit  the  placing  of  such  a  topping,  which  in  turn  should  be 
soaked  twice  daily.  A  21  to  30-day  storage  is  apparently  about  the 
ideal  length  for  the  best  curing  results,  as  by  the  expiration  of  these 
time  limits  the  strength  and  wearing  qualities  will  have  increased 
some  150  to  200  per  cent  over  the  original  strength  of  the  same 
floor  allowed  to  air  dry.  It  is  urged  that  every  concrete  floor 
be  cured  at  least  10  days,  the  very  minimum  being  three  days. 

The  use  to  date  of  prepared  wood-block  for  molding  floor 
gangways,  under  the  cupola  spouts  and  on  charging  platforms 
has  met  with  splendid  success.  The  spillage  of  iron  on  wood 
blocks  merely  chars  it  slightly,  molding  sand  filling  in  the 
char  holes  and  preventing  further  burning. 

Aside  from  the  first  cost  of  wood  blocks,  which  must  them- 
selves be  laid  on  a  concrete  foundation,  this  form  of  pavement 
for  a  molding  floor  seems  quite  ideal  except  perhaps  in  found- 
ries running  string  sand  floors,  such  as  stove  shops,  where 
the  molder's  shovel  comes  in  contact  with  the  floor  continually. 
It  is  thought  the  slight  projections  of  the  corners  of  the  blocks 
may  present  a  roughened  surface  to  the  shovel  and  annoy 
the  molder. 

In  conclusion,  the  author  wishes  to  acknowledge  his  indebt- 
edness to  Prof.  DuflF  Abrahams,  Lewis  Institute,  Chicago,  and 
the  Portland  Cement  association. 
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Mr.  Lambbrt  T.  Ericson. — It  is  generally  conceded  that 
the  fir$t  and  most  important  step  to  take  in  cleaning  up  and 
modernizing  a  foundry  consists  in  building  a  smooth  and  dura* 
ble   floor  and  establishing  a   permanent  level   to  work  upon. 

The  selection  of  the  materials  to  use  on  the  floor  is  an 
important  matter.  Mr.  Haley  has  carefully  pointed  out  that 
it  is  necessary  to  take  the  most  careful  precautions  in  the 
proper  selection  and  grading  of  the  materials  in  the  concrete, 
to  add  just  enough  and  not  too  much  water  and  to  take  plenty 
of  time  to  let  the  concrete  cure;  that  neglect  in  any  of  these 
details  may  result  in  failure;  that  the  only  material  in  the 
aggregate  which  is  standard  in  all  parts  of  the  country  is  the 
Portland  cement  and  consequently,  the  work  must  be  done  under 
the  supervision  of  an  expert  who  thoroughly  understands  con- 
crete My  own  experience  is  that  very  few  concrete  experts 
agree  as  to  the  best  specifications  for  the  mixture.  A  great 
many  disagree  with  Mr.  Haley  on  the  point  of  the  amoimt  of 
water  to  use  on  account  of  the  physical  impossibility  of  properly 
placing  such  a  dry  mixture.  Consequently  specifications  will  not 
be  followed  to  the  letter,  if  the  work  is  left  to  a  local  expert. 

Mr.  Haley  recommends  three  to  four  weeks  curing  of  the 
cement  and  urges  a  minimum  of  10  days.  This  feature  of  delay 
makes  it  almost  impossible  for  the  operator  to  consider  the  con* 
struction  of  concrete  floors  in  any  except  new  or  unused 
buildings. 

A  wearing  surface  of  creosoted  wood  blocks  over  a  con- 
crete sub-base  is  almost  indestructible  under  traffic.  The  blocks 
are  equally  adaptable  to  molding  floors  and  in  the  truck  ways 
and  impact  does  not  cause  the  wood  block  to  disintegrate. 
They  are  not  aflfected  by  temperature  changes  and  are  warm 
under  feet  in  winter  and  cool  in  summer  and  under  the  heat  of 
a  foundry.  Changes  and  repairs  arc  easily  and  economically 
made.     Wood  block  floors  are  popular  with  the  workmen,  im- 
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prove  their  health,  decrease  the  sickness  and  consequently  the 
amount  of  absence  from  work  and  decrease  the  accidents  around 
the  plant.  Properly  constructed  they  are  waterproof  and  dry 
and,  as  Mr.  Haley  has  stated,  they  are  impervious  to  spillage 
of  iron,  since  they  merely  char  slightly,  molding  sand  filling 
the  char  holes  and  preventing  further  burning. 

Creosoted  wood  blocks  lend  themselves  with  equal  facility 
to  the  construction  of  new  floors,  the  resurfacing  of  0I4  con- 
crete floors,  or  the  resurfacing  of  concrete  floor  slabs,  of  rein- 
forced concrete  buildings.  Under  stress  of  necessity,  wood 
blocks  can  be  installed  within  48  hours  of  the  time  of  the 
construction  of  the  concrete  sub-base  and  the  floor  is  available 
immediately  thereafter. 

Wood  block  floors  recently  have  been  installed  in  a  large 
motor  foundry  in  Flint,  Mich.,  without  holding  up  production 
in  any  way.  The  foundry  is  located  on  the  second  floor  of  a 
reinforced  concrete  building.  The  coreroom  and  core  ovens  are 
in  onfc  <Bnd  and  the  foundry  in  the  other  end.  The  floor  area 
is  approximately  108,000  square  feet.  The  original  wearing 
surface  of  concrete  was  surfaced  with  a  dry  cement  cushion, 
upon  which  wood  blocks  214  inches  thick  were  installed,  the 
work  being  done  in  sections  entirely  at  night,  with  company 
forces,  under  the  supervision  of  the  wood  block  manufacturers' 
service   department. 

The  installation  of  the  blocks  is  comparatively  simple 
and  the  average  foreman  can  take  care  of  the  work  very  easily, 
after  having  secured  a  little  instruction.  Wood  block  floor 
construction  requires  expert  supervision  principally  for  the 
instruction  of  the  local  foreman. 

Wood  blocks  must  be  properly  manufactured  and  the  floors 
constructed  under  proper  specifications.  They  require  a  solid, 
immovable  base,  preferably  concrete.  The  blocks  must  be  laid 
with  tight  joints,  filled  with  coal  tar  which,  to  make  them  water- 
proof and  to  make  them  stand  up  under  the  wear  and  tear.  The 
objection  mentioned  of  the  possible  roughness  causing  the  mold- 
er's  shovel  to  come  in  contact  with  slight  projections  at  the 
corners  of  the  blocks,  need  not  receive  serious  consideration. 
Proper  construction  methods  will  insure  a  smooth  floor. 
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By  Vladimir  Karapetoff,   Ithaca,   N.   Y. 

The  following  types  of  audible  signals  are  actually  in  use 
in  various  foundries:  Electric  horns  similar  to  those  used  on 
automobiles.  Fig.  1 ;  air  or  steam  whistles,  sometimes  electric- 
ally operated  from  a  distance ;  and  bells  and  gongs,  either  single 
stroke  or  continuous.  In  an  efficient  up-to-date  foundry  such 
audible  signals  should  be  used  for  at  least  the  following  five 
purposes : 

1 — For  calling  any  important  employe  to  the  nearest 
telephone  no  matter  where  he  may  be;  this  presupposes  a  pre- 
arranged code  and  some  simple  device  for  sounding  calls. 

2 — As  extensions  to  telephone  bells  in  noisy  places;  a 
foreman  may  not  hear  his  telephone  bell  when  away  from 
his  desk,  but  he  would  most  likely  hear  one  or  more  loud 
horns  or   shrill   whistles  mounted  in  the   shop. 

3 — For  purely  local  needs  and  signals,  for  example,  to 
indicate  the  beginning  and  the  ending  of  pouring,  to  call  a 
craneman   or   an   electrician   to   some   prearranged   place,   etc. 

4 — As  warning  signals  of  danger  on  cranes,  hoists,  loco- 
motives and  trucks,  especially  when  a  ladle  with  molten  metal 
is   in  motion. 

5 — For   sounding   fire-alarms. 

Imagine  yourself  sitting  as  an  observer  in  the  molding 
and  pouring  department  of  a  large  foundry  properly  equipped 
with  audible  signals.  You  will  soon  hear  one  or  more  elec- 
tric horns  sounding  a  code  number,  for  example,  one,  one 
and  two  (1-1-2).  This  may  mean  that  the  superintendent  is 
wanted  in  his  office,  but  that  there  is  no  particular  hurry  about 
it.  Had  the  call  been  one,  two,  two  (1-2-2),  it  would  have 
meant  a  hurry  call  and  you  probably  would  have  seen  the 
superintendent   running  to   the   nearest   telephone. 

Soon  afterward  you  may  hear  two  long  blasts  of  an  air 
whistle,  signifying  that  everything  is  ready  for  pouring  in 
the  north  aisle.  A  few  minutes  later  it  might  be  followed 
by  a  continuous  ringing  of  a  bell  to  warn  the  workers  that 
a  big  ladle  full  of  molten  metal  is  being  carried  by  the  crane. 
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FIG.    1— CROSS-SKCTION   OF  AN   ELECTRIC   HORN 

A  vertical  ihaft  motor  drives  a  toothed  wheel  which  strikes  an  anvil  fastened  to  the  etnter  sf 
the    sounding   dlapfaragm 
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To  make  the  picture  complete,  let  us  imagine  that  after 
a  time  you  hear  a  single-stroke  gong  sounding  number  four, 
three  (4-3).  This  may  designate  a  fire  in  the  pattern  shop, 
or  may  simply  be  an  agreed  call  for  a  fire-drill. 

For  contrast,  let  us  go  to  an  out-of-date,  shabby,  primitive 
foundry,  which  is  still  running  on  the  "chance  and  luck"  prin- 
ciple, found  to  be  satisfactory  by  our  forefathers.  In  those 
days  a  molder  received  a  dollar  or  two  for  a  12-hour  day, 
and  the  output  was  measured  in  pounds  where  it  is  now 
stated  in  hundreds  of  tons.  Two  or  three  office  boys  are 
running  all  over  the  works  trying  in  vain  to  locate  the  super- 
intendent who  is  needed  in  the  office  to  help  on  a  very  impor- 
tant quotation.  When  he  is  finally  located,  it  is  too  late  to 
take  Care  of  this  matter  in  the  proper  way.  A  millwright 
is  needed  in  a  hurry  to  take  care  of  a  hot  bearing  on  a  rush 
job,  and  nobody  knows  where  he  is.  He  happens  to  be 
attending  to  an  unimportant  job  in  a  dark  pit,  and  is  blissfully 
ignorant  of  the  fact  that  he  is  urgently  needed  elsewhere. 

Actual  experience  not  only  in  foundries  but  in  all  kinds 
of  industrial  establishments  has  demonstrated  the  importance 
of  audible  signals  in  promoting  both  the  efficiency  and  the 
safety  of  operations.  Horns,  bells  and  whistles  are  simple 
pieces  of  apparatus  available  on  the  market.  Their  cost 
is  trifling  in  comparison  with  their  useful  service,  and  any 
far-sighted  foundry  manager  can  readily  see  the  great  advan- 
tage of  equipping  his  works  with  acoustic  signals,  once  the 
matter  has  been  properly  brought  to  his  attention. 

A  Code-Calling  Device 
Fig.  2  shows  a  simple  device  for  sounding  simultaneously 
any  desired  number  of  horns,  whistles  and  gongs  scattered 
throughout  the  works,  and  for  calling  various  persons  according 
to  a  prearranged  code.  The  electrical  connections  are  shown 
in  Fig.  3.  The  device  consists  essentially  of  a  number  of 
toothed  wheels  which  close  and  open  an  electric  circuit  in  a 
certain  sequence.  These  wheels  are  mounted  on  a  shaft 
operated  by  a  clock  spring.  A  drum  is  provided  with  a 
combination  of  40  simple  arrangements  of  contacts,  such  as 
1-2,    1-3,    2-3,    1-1-2,    etc.    The    horns    are    connected    to    an 
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FIG.   2— A  CODE  CALLING  MECHANISM 

Hie    operator   sets    a    code    number   and    pulls    on    a   handle.      This    closes    the    electric    dreoit 

the  required   number  of  times,   and   makes   the  horns  and    the   bells   sound  throughout 

the  plant 

available  110  or  220-volt  circuit,  either  direct  or  alternating 
current,  while  only  a  small  current  from  a  few  dry  cells 
is  used  in  the  central  instrument.  This  current  closes  a 
relay  which  operates  the  power  circuit  between  two  contacts 
especially  designed   for   frequent  opening. 

When  it  is  desired  to  call  some  person,  the  code  handle 
A   is   set   on   the   number    assigned   to   that   person,    and   the 
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operating  handle  B  is  turned  by  one-half  a  revolution.  This 
is  all  the  operator  has  to  do.  The  contact  shaft  is  set  in 
motion  by  the  spring  and  the  circuit  is  closed  a  certain  number 
of  times  in  accordance  with  the  position  of  the  code  drum. 
Every  time  the  battery  circuit  is  closed  the  relay  closes  the 
power  circuit  and  operates  all  the  horns,  whistles,  gongs  or 
lamps  connected  to  it.  Having  sounded  the  complete  call 
three  times  the  handle  B  returns  to  its  original  position  and 
the  mechanism  is  ready  for  the  next  call. 

In  most  cases  it  is  considered  sufficient  to  sound  the  call 
number  three  times.  The  first  time  the  person  may  not  be 
sure  whose  call  it  is,  the  second  time  he  counts  the  sounds 
and  the  third  time  he  checks  himself.  For  exceptional  pur- 
poses, the  call  may  be  sounded  more  or  less  than  three  times 
or  even  continuously  until  stopped. 

The  operation  of  the  code-calling  mechanism  is  usually 
entrusted  to  the  telephone  operator,  where  a  private  branch 
exchange  is  available.  If  the  manager  needs  Mr.  Jones  and 
fails  to  reach  him  by  telephone  at  his  desk,  he  tells  the  tele- 
phone operator  to  sound  his  call  number.  Mr.  Jones  may 
be  anywhere  in  the  works,  but  as  soon  as  he  hears  his  num- 
ber he  comes  to  the  nearest  telephone  and  reports  to  the 
telephone  operator  who  immediately  connects  him  with  the 
manager's  telephone.  Special  cases  have  arisen  in  which 
the  operation  of  the  code-calling  instrument  had  to  be 
entrusted  to  a  clerk  in  the  superintendent's  or  production 
manager's  office,  in  order  to  prevent  office  boys,  clerks,  etc., 
from  disturbing  important  members  of  the  staff  on  trifling 
occasions.  The  operator  of  the  calling  device  is  supposed 
to  inquire  about  the  nature  of  the  business  before  starting  the 
call. 

When  the  number  of  persons  to  be  called  is  not  great, 
say  10  or  12,  it  is  sometimes  convenient  to  assign  two  or 
three  different  numbers  to  the  same  person.  These  three 
numbers  may  mean  respectively:  (1)  **Call  me  on  the  phone 
immediately;"  (2)  **Call  me  when  through  with  the  present 
engagement;"  (3)   "Come  to  the  manager's  office." 

The  particular  rules  for  the  use  of  the  code-calling 
equipment  differ  from   factory  to   factory  in  accordance  with 
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the  local  conditions,  and  may  be  modified  from  time  to 
time  as  actual  experience  indicates. 

Some  care  must  be  exercised  in  the  selection  of  the 
type  of  sound-producing  signals  and  of  the  number  of  such 
devices  in  each  department.  A  buzzer  or  a  bell  would  not 
be  heard  near  a  tumbling  barrel  or  a  sand  disintegrator;  on 
the  other  hand,  a  powerful  electric  horn  would  be  out  of  place 
in  an  office..  Each  signal  must  be  distinctly  heard  under  the 
most  intense  noise  possible  in  that  department  by  a  person 
most  unfavorably  situated  with  respect  to  the  signal.  At  the 
same  time  it  would  be  a  mistake  to  use  unnecessarily  strong 
signals,  which  are  liable  to  get  on  the  workers'  nerves. 

The  pitch  of  the  signal  (high  or  low  voice)  is  another 
factor  to  be  considered,  and  while  no  accurate  experiments 
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FIG.  3— THE  ELECTRICAL  CONNECTIONS  FOR  THE  CALLING  MECHANISM 
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are  available,  the  selection  should  be  governed  by  the  prin- 
ciple of  contrast.  In  a  shop  with  a  low-pitch  rumbling  and 
howling  noise  a  shrill  signal  is  more  liable  to  be  heard,  and 
vice  versa.  Again,  where  the  noise  is  of  a  discontinuous  per- 
cussion type,  like  hammering  or  riveting,  a  horn  with  its  steady 
sound  would  immediately  attract  attention.  On  the  other 
hand,  where  the  noise  is  continuous  like  that  of  a  blower,  a 
loud  single-stroke  bell  might  cut  through  the  noise  more  read- 
ily. 

Acoustic  signals  are  so  inexpensive  that  it  is  an  easy 
matter  to  change  them,  or  to  change  their  position  and  num- 
ber,   should   the    first    installation    be    not    quite    satisfactory. 
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Everyone  knows  that  electric  lamps  sometimes  have  to  be 
shifted  in  a  shop  until  the  desired  illumination  has  been 
obtained.  The  advice  of  an  acoustic  specialist  in  particularly 
noisy  shops  may  save  some  experimenting  in  this  respect. 

Musical  sounds  differ  from  one  another  in  the  following 
three  respects :  In  pitch,  high  or  low ;  in  intensity,  loud  or  soft ; 
and  in  quality  (timbre),  such  as  brass,  reed,  string  instruments, 
human  voice,  etc.  Noise  is  a  nonharmonic  combination  of  such 
sounds,  and  can  be  analyzed  into  its  components.  These  funda- 
mentals of  acoustics  are  now  being  applied  to  the  solution  of 
industrial  problems,  and  the  science  of  industrial  acoustic  engi- 
neering is  rapidly  growing,  bringing  with  it  increased  economy 
and  efficiency. 

There  are  engineering  concerns  which  specialize  in  acoustic 
signals  and  in  intercommunication  problems,  just  as  other  engi- 
neering concerns  specialize  in  factory  illumination,  ventilation  or 
sanitation.  They  have  accumulated  considerable  experience  in 
installing  signals  in  noisy  places  and  it  would  pay  a  foundry 
manager  to  get  advantage  of  their  advice  in  laying  out  a  new 
code-calling  system. 

The  following  are  the  principal  sources  of  noise  in  a 
fully  equipped  foundry: 

Molding  Department. — Vibrators  for  loosening  sand  from 
patterns,  jar-ramming  machines,  cranes,  trolleys,  hissing  of 
compressed  air;  noise  of  conveyors,  trucks,  wheelbarrows,  etc. 

Cleaning  or  Trimming  Room. — Tumbling  barrels,  air 
chisels,  pneumatic  drills,  grinding  wheels,  scrapers,  band 
saws,  conveyors,  sand-blast  machines,  hissing  of  escaping  air. 

Sand  Mixing  Room. — Gears,  chains,  disintegrator  ham- 
mers, magnetic  separator  for  iron  stays,  and  electric  motors. 

Melting  Room. — ^Roar  of  blowers  and  of  combustion 
(especially  when  burning  oil) ;  cranes  and  conveyors.  Not 
very  noisy. 

Core  Department. — Hammering,  jar-ramming  machines, 
escaping  air,  gas  or  oil  furnaces,  sand  conveyor,  a  traveling 
crane,  and  trucks. 

Welding  Department. — Roar  of  the  oil-burning  furnaces 
for  preheating  defective  castings;  hissing  of  the  oxyacetyleno 
flames ;  handling,  hammering  and  dragging  of  castings. 
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Prof.  Karapetoff. — Loud  speaking  telephones  are  in  use 
in  some  railroad  stations,  in  offices  and  on  warships,  and  those 
who  have  had  experience,  especially  in  railway  stations,  know 
that  sometimes  it  takes  a  good  deal  of  imagination  to  know 
just  where  the  train  is  going.  Undoubtedly  loud  speaking  tele- 
phones find  their  place  where  there  are  no  loud  noises;  but  in 
a  shop,  where  it  is  difficult  to  even  understand  each  other 
without  shouting,  I  doubt  very  much  if,  at  the  present  stage 
of  development,  a  loud  speaking  telephone  would  be  feasible  at 
all,  not  to  speak  of  its  added  expense.  The  only  advantage 
that  a  loud  speaking  telephone  might  have  over  code  calling 
would  be  in  conveying  a  more  definite  message.  Such  messages 
are  readily  taken  care  of  by  a  more  elaborate  code,  without 
the  necessity  of  listening  as  closely  as  one  would  have  to  listen 
to  a  human  voice.  One  of  such  combinations  might  mean 
"Come  to  the  telephone  when  through  with  present  engage- 
ment." This  would  do  away  with  the  objection  that  a  busy 
executive  may  be  unnecessarily  interrupted  by  code  calls. 
Such  an  extended  code  answers  any  possible  objection  to  code 
calling.  Of  course  we  all  hope  that  the  day  will  come  when 
telephones  will  be  either  loud  or  else  everyone  can  carry  a 
wireless  receiver  about  him  and  hear  conversations  by  means 
of  electric  waves,  but  at  the  present  stage  of  the  development, 
I  do  not  believe  that  is  feasible.  In  offices  loud  speaking  tele- 
phones are  doing  splendid  service  and  I  can  recommend  them. 

Mr.  Toppate. — I  would  like  to  know  if  the  professor  has 
had  any  experience  in  using  colored  lights? 

Prof.  Karapetoff. — Colored  lights  are  good  in  some  places 
and  I  have  seen  them  in  use  in  some  department  stores  where 
the  floor  walker  can  readily  see  them,  and  where  audible  signals 
may  be  objectionable  to  the  customers.  I  am  not  at  all  opposed 
to  colored  lights  or  to  any  system  of  signals  whatever.  Any  sys- 
tem of  signals  has  to  be  properly  designed  in  application  to  the 
problem  on  hand,  designed  by  a  specialist  who  understands  all 
kinds  of  signals  and  who  knows  the  local  conditions. 
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The  Testing  of  Clays  for  Foundry 

Uses 

By  Homer  F.   Staley,  Washington,  D.   C. 

The  clays  in  common  use  in  foundries  are  all  plastic 
fire  clays,  that  is,  soft  clays  with  comparatively  high  melting, 
or  softening,  points.  However,  plastic  fire  clays  may  be 
divided  into  eight  classes  or  varieties.  The  first  division  is 
into  clays  of  low  and  high  plasticity.  Clays  in  the  first 
division  are  usually  sandy,  slake  rapidly  in  water  and  have 
low  bonding  power  when  wet,  while  those  in  the  latter 
are  commonly  fat  and  sticky,  contain  little  sand,  slake  slowly 
and  have  high  bonding  power  when  wet.  Each  of  these 
divisions  may  be  subdivided  into  vitrifying  clays,  that  is, 
clays  that  burn  hard  and  dense  at  temperatures  below  1200 
degrees  Cent.  (2200  degrees  Fahr.)  and  nonvitrifying  clays, 
which  do  not  burn  hard  and  dense  until  temperatures  above 
1200  degrees  Cent,  are  reached.  Each  of  these  subdivisions 
may  be  divided  into  two  classes,  first,  refractory  clays  which 
soften  at  temperatures  above  1550  degrees  Cent.  (2820 
degiees  Fahr.)  and  second,  nonrefractory  clays  which  soften 
at  temperatures  below  that  point.  The  relations  of  these 
classes  of  clays  to  each  other  can  be  seen  in  Table  H. 

Clays  are  used  in  foundries  for  three  purposes:  First, 
as  mortar  in  the  construction  of  fireclay  brick  linings  for 
cupolas  and  furnaces;  second,  as  daubing  material  for  lining 
ladles  and  the  repair  of  cupolas;  third,  as  a  binder  in  sand 
mixtures  in  making  molds  for  steel  castings.  The  require- 
ments for  satisfactory  service  in  these  three  uses  vary,  and 
therefore  the  tests  to  be  applied  to  determine  the  suitability 
of  clays  for  each  of  these  services  should  vary  also.  The 
object  of  this  paper  is  to  discuss  the  relation  of  the  properties 
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of  clays  to  the  requirements  of  the  service  to  be  performed 
in  different  fotmdry  operations  and  to  describe  tests  that  will 
determine  the  fitness   of   a  particular   clay   for  a  given  use. 

High  Temperature  Mortars  and  Cements 
The  Importance  of  Proper  Mortar  Joints. — In  general, 
foimdrymen  seem  to  fail  to  realize  the  importance  of  the 
use  of  the  proper  kind  of  mortar  in  furnace  construction  and 
lining  of  cupolas.  They  complacently  follow  the  old  custom 
of  specif}ring  that  fire-clay  brick  shall  be  laid  in  the  same  clay 
that  is  used  in  making  the  brick.  While  brick  manufacturers 
will  furnish  clay  on  these  specifications,  they  cannot  meet 
them  literally.  Fire-clay  brick  are  made  from  a  mixture  of 
soft  plastic  fire  clay  and  hard  rock-like  flint  fire  clay.  The 
latter  is  very  refractory  but  in  the  shape  in  which  it  is  used 
in  fire  bricks  is  wholly  unfit  for  use  as  mortar.  Very  rarely 
finely  ground  flint  clay  is  mixed  with  plastic  clay  and  sold  as 
mortar  material.  The  fire  clay  furnished  for  mortar  is  usu- 
ally one  of  eight  plastic  varieties.  In  general  it  is  less  refrac- 
tory than  the  fire  brick  of  which  it  is  one  component  Accord- 
ing to  its  properties  and  the  conditions  of  service  to  be  met. 
It  may  or  may  not  be  suitable  for  use  as  mortar  in  a  given 
piece  of  furnace  construction.  It  is  perfectly  possible  that 
a  more  satisfactory  mortar  could  be  secured  by  the  use  of 
some  other  material. 

Construction  of  Mortar  Joints, — In  the  construction  of 
fire  brick  parts  of  furnaces  that  are  to  be  exposed  to  heat, 
the  mortar  joints  should  be  kept  as  thin  as  possible,  mudi 
thinner  than  the  ordinary  bricklayer  is  willing  to  make  them. 
The  essential  difference  between  a  bricklayer  and  a  success- 
ful furnace  builder  is  that  the  latter  understands  the  necessity 
for  thin  mortar  joints  while  the  former  cannot  be  made  to 
realize  it.  It  has  been  found  in  practice  that  when  thidc 
mortar  joints  are  used  in  furnace  building  the  structures   fail 
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very  quickly  at  the  joints.  In  good  furnace  construction, 
therefore,  fire  clay  is  never  used  in  the  shape  of  thick  mortar 
but  only  as  a  thin  batter  into  which  the  brick  are  dipped  imme- 
diately before  being  put  into  place.  Bricks  and  shapes  that 
are  too  irr^;ular  in  form  to  permit  the  making  of  sufficiently 
tight  walls  in  this  manner  with  slight  rubbing  should  not  be 
used.  If  a  trustworthy  furnace  builder  is  employed,  the  use 
of  trowels  for  laying  extremely  thin  joints  may  be  permitted. 
Furnaces  should  be,  and  generally  are,  so  constructed 
that  there  is  no  necessity  for  the  mortar  to  act  to  any 
marked  degree  as  a  binding  material  either  before  or  after 
the  furnace  has  been  put  into  service.  The  function  of  the 
thin  coating  of  clay  batter  is  simply  to  fill  small  crevices 
between  the  brick.  Of  course,  most  raw  clays  and  all  hard- 
burned  clays  exert  some  bonding  action,  but  this  should  not 
be  considered  as  a  factor  in  furnace  construction  or  in  select- 
ing a  clay  for  this  work. 

Table  I — Classes  of  Plastic  Fire  Clays 
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Fineness  Test  of  Raw  Clay. — As  far  as  properties  in  the 
raw  state  are  concerned  the  only  essential  is  that  the  clay 
shall  work  up  with  water  to  a  thin  fine-grained  batter.  This 
requirement  is  met  by  most  plastic  fire  clays.  A  simple  sieve 
test  is  sufficient  to  determine  the  suitability  of  a  clay  in  this 
regard.  All  of  the  batter  should  pass  readily  through  a  20- 
mesh  sieve.  If  it  does  not  do  so,  it  should  be  put  through 
a  sieve  of  that  mesh.  The  presence  of  coarse  granules  of 
day  -prevents  the  making  of  a  brick  wall  with  thin  tight 
joints.  Of  course  the  clay  could  be  sieved  dry  through  a 
20-mesh    sieve   before   the   batter   is    made.     Often,    however, 
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this  would  result  in  the  rejection  of  an  unnecessarily  large 
amount  of  material,  for  many  coarse-grained  clays  break 
down  into  fine-grained  material  when  they  are  mixed  with 
water. 

Tests  of  Burned  Clay, — ^The  tests  of  the  action  of  heat 
on  mortar  material  depend  on  the  conditions  to  be  met  in 
service  in  the  furnace.  These  conditions  may  be  divided 
roughly  into  two  classes.  The  first  of  these  is  that  in  which 
the  fire  brick  construction  is  exposed  only  to  excessive  heat. 
The  second  class  of  conditions  are  those  in  which  the  brick- 
work must  withstand  not  only  the  action  of  heat  but  also 
the  solvent  action  of  molten  metals  and  slags  or  the  abrasive 
action  of  strong  blasts  of  flame  or  of  moving  charges.  To 
meet  the  requirements  of  the  first  class  of  conditions,  the  only 
essential  is  that  the  clay  be  very  refractory.  The  test  to  be 
applied  in  this  case  is  a  softening  point  test.  To  meet  the 
other  class  of  service  conditions  the  clay  must  not  only  be 
refractory  but  also  must  burn  under  the  prevailing  furnace 
conditions  to  a  hard,  dense  mass,  suited  to  resist  solvent 
and  abrasive  actions.  In  testing  clays  for  this  kind  of 
service  a  softening  point  test  should  be  made  and  also  a 
determination  of  the  temperature  at  which  the  mortar  becomes 
vitrified,  that  is,  hard  and  dense.  To  approximate  furnace 
conditions  these  tests  should  be  conducted  while  the  material 
is  subjected  to  load  in  the  same  manner  that  fire  brick  are  now 
tested.*  However,  it  is  probably  sufficiently  accurate,  and 
certainly  more  simple,  to  make  vitrification  and  fusion  tests 
on  the  material  without  the  application  of  pressure. 

Vitrification  Test. — For  foundry  work  it  is  probably  sat- 
isfactory to  define  the  vitrification  point  by  noting  the  dura- 
tion of  heating  and  temperature  necessary  to  render  a  small 
briquette  of  the  material  so  hard  that  it  is  not  possible  to. 
scratch  it  with  the  blade  of  a  good  pocket  knife.  This  test 
should  be  conducted  in  a  furnace  in  which  the  atmosphere  is 
kept  oxidizing  or  reducing  according  to  the  conditions  that 
will  prevail  in  the  furnace  to  be  built.  If  they  are  desired, 
more   elaborate   and   accurate   methods   of   determining   vitrifi- 
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cation  behavior  may  be  found  in  the  "Report  of  the  Commit- 
tee   on    Standards"    of    the    American    Ceramic    society. 

Softening  Point  Test  with  Use  of  Cones. — The  softening 
point  test  may  be  determined  either  by  the  use  of  pyrometric 
cones  or  by  the  use  of  an  optical  pyrometer.  The  method 
with  use  of  cones  is  as  follows:* 

(1)  Preparation. — The  clay  sample,  obtained  with  the 
same  care  and  precision  as  for  chemical  analysis,  shall  be 
ground  in  an  agate  mortar  to  pass  a  standard  100-mesh  sieve 
(0.0058-inch  hole,  0.0042-inch  wire).  It  shall  then  be  made 
up  with  water  to  good  working  consistency. 

(2)  Test  Pieces.— The  test  pieces  shall  be  the  size 
and  shape  of  standard  pyrometric  cones — tetrahedra,  7mm 
along  the  edge  of  the  base  and  30  mm  high.  It  is  advisable 
that  they  be  made  in  molds  allowing  of  a  somewhat  greater 
height  and  cut  to  the   required   dimension   when   dry. 

(3)  Mounting. — The  test  pieces  shall  be  mounted  on 
plaques  of  refractory  material,  with  the  base  embedded  1 
mm  in  the  plaque  and  the  troweled  face  of  the  test  piece 
(the  numbered  face  of  the  standard  cone)  making  a  right 
angle  with  the  plaque.  Several  test  cones  shall  be  arranged 
conveniently  for  the  furnace  used  and  alternated  with  stand- 
ard Seger-Orton  cones  of  successive  numbers.  The  plaque 
may  be  of  whatever  shape  best  suits  the  furnace  and  may 
be  biscuited  to  not  above  cone  010  before  using,  if  desired. 

(4)  Heating. — The  heating  shall  be  done  in  a  suitable 
furnace,  preferably  of  the  electric  resistance  type,  at  a 
rate  not  greater  than  15  degrees  Cent,  per  minute,  nor 
greater  than  10  degrees  Cent,  per  minute  after  cone  1  is 
reached,   or   as   nearly   within    these    limits   as   possible. 

If  any  other  furnace  such  as  a  pot  furnace  is  used, 
care  should  be  taken  that  the  flame  does  not  strike  directly 
against  the  cone  or  the  cone  plaque.  Excessive  reducing 
conditions  should  be  avoided.  With  a  gas  or  oil-fired  furnace, 
the  rate  of  heating  cannot  be  controlled  as  readily  as  in  an 
electric  furnace  but  should  be  no  greater  than  that  required 
to   cause   the   fusion   of  one  cone   in  about   three   minutes. 

(5)  Softening  Point. — The  softening  point  shall  be 
reported  in  standard  cones  and  shall  be  that  cone  which 
corresponds  in  time  of  softening  with  the  test  piece.  If  the 
test  piece  softens  later  than  one  cone  but  earlier  than  the 
next  standard  cone,  the  softening  point  shall  be  reported 
thus:    cone    31-32. 


•  Report  of  the  CommlttM  on  8t«ndardi.  Aaerkan  C«rtmic  Society,  Alfred.   N.   Y. 
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In  order  to  be  considered  refractory  for  foundry  work 
a  clay  should  have  a  softening  point  not .  lower  than  that  o£ 
cone  26.  This  is  rather  a  low  temperature  for  refractories. 
A  better  grade  refractories  used  for  ceramic  work  have 
melting  points  above  cone  28. 

Softening  Point  Test  with  Use  of  Pyrometer. — The  meth- 
od of  determining  softening  points  of  clays  with  the  use  of 
a  pyrometer,  as  conducted  at  the  bureau  of  standards,  is  as 
follows:  The  samples  are  worked  up  with  water  to  a  good 
working  consistency  and  compressed  into  small  cylinders.  These 
are  melted  in  a  graphite-resistance  vacuum  furnace,  the  samples 
being  protected  from  the  reducing  atmosphere.  The  melting 
point  is  taken  as  the  temperature  at  which  the  samples  are 
distinctly  seen  to  flow.  The  temperatures  are  determined  by 
the  use  of  an  optical  pyrometer.  To  be  classed  as  refractory  a 
clay  should  have  a  softening  point  not  lower  than  1550  degrees 
Cent.  (2820  degrees  Fahr.). 

Tests  of  Typical  Clays. — In  the  accompanying  table  are 
given  the  results  of  tests  of  clays  typical  of  the  eight  varieties 
of  plastic  fire  clays.  The  method  employed  in  making  the 
slaking  test   will   be   described   in   a   later   section. 

Table  II— Results  of  Tests  of  Typical  Plastic  Fire  Clays 

Vitrifi- 

Time  of  cation  Softening 

slaking,  temper're  tempcr'rc 

Variety  of  plastic  fire  day               minutes  deg.  Cent  cones 

Slow  slaking,   vitrifying,    refractory 78  1125  32 

Slow   slaking,    vitrifying,    nonrefractory.     97  1175  20 
Slow   slaking,    nonvitrifying,    refractory.   113  1290  31 
Slow    slaking,    nonvitrifying,    nonrefrac- 
tory          52  1360  24 

Quick   slaking,   vitrifying,   refractory....     27  1200  32 
Quick   slaking,   vitrifying,    nonrefractory    26  1195  24 
Quick  slaking,  nonvitrifying,  refractory.       6  1475  32 
Quick  slaking,   nonvitrifying,    nonrefrac- 
tory          10  1290  21 

Clays  Suitable  for  Refractory  Mortars. — Vitrifiable  plastic 
fire  clays  with  high  softening  points  and  ball  clays  are  especially 
suited  to  be  used  as  batter  material  where  fire  brick  construction 
is  to  be  exposed  to  cutting  flames  or  to  the  action  of   slags. 


Digitized  by  VjOO^ IC 


These  dw5  bcrr  ii-  osnat.  bard  m&Eas  a:  C3nnarar7rr7  ii<w 
temperatures,  annmd  12X  qe^i^es  lem  22X  d-jr'ccs  ?ahr  . 
but  do  not  fnse  Tmr7.  hirrr  isnnKTHnr*?^  aso^  I^X  ik^u-fc 
Cent.  (2900  degjggb  Psiir  srt  T*acn-fd  Tiex  izt^  m  mnr^ 
ous  effects  oo  tiic  rrt  cirr  inci:  v-irx  v-mn  ibrj.  zrt  ir  rimiar: 
For  euodttkins  ir  irtad:  rtssranrt  tt  iKai  h  tat  01^7-  jwju^e- 
nnent  tcit  rciracrarr  h'jlhil:  :u2i:  t^  mr; f  «rrt  £x-Kii*j>R: 

Higk  TewLprratyrt  rrmruiz — ^1l  tiit  p«i5:  fnr  years  scr- 
eral  firms  hare  ^fricaiec  tut  n^  it  iii:t-^  or  isai  f tsnie  nr 
vitrifiablc  oanenis  as  bsn*^  :r  mir-sc-  vr  firtairt  cuii^tnirrjaii 
The  idea  is  thai  tbe  tsrtJiJ  ti;=i:n:  ::  triti^t  csmsrci  irH  resrr: 
in  the  boodcug  tcige:5aer  ic  titt  ir-i2£  v  .i^i:  mi  10*  sicit  inaiiS 
This  is  dahnec  ti  re?.?:  tiJt  nmrn£:  aninr  1:  i-'^n^  mict 
cffectivchr  than  fre-brici:  v  ii-t  cin^-tnitit-t  vr.i  t^it  1:3c  i-: 
refractory  daj  as  b<c:*-r  It  ?r  t-iit  tra^t  a  r-i^r.v  vrrrSt-t 
nxntar  joint  is  iDirrt  rt-  "tHrc  ttiiIi^:'  trit  iiciiirtiicri-  ii*:Krr:i»?t 
than  a  soft,  canrj  iimt  •:-t»*-r-i.' ;  :  ^rtt  -itni:  2£  t::itii  Hiw- 
ever,  the  use  cf  frr  itit  i;i:r.*r'  v-ir  f't  i^itc  tnu?:  bt  prartits^t 
with  camion  The  tiM:  1:  a  tx.  :r:  itt  ctta^tn  V-as  r*:r:i.tfd  it 
some  cases  ir  -^ic  ?an:iJ  fi-iic  c^it  n^yi  -j^.fmzT^zrjz  :: 
high  grade  £rc  Ifrici;-  T'l  ^r-*--.:"*  t'**t:*  ::  cirLrtractJDr 
involving  the  tisc  if  fr.rt'rt  i-^rnitrrnt  r'j.'-  t  ]jt  zizi'j'frzc *:*^  rrti 
careful  experr=3e=is  r^-t  r-'-r.  c-i  vtf:  rrt-r/.-'ttnt  ::  tttt<*  ti  bf 
desirable.  Zlri*3^  r:2a*mi.  r  rtrj-  t  ift  ter.^t  v  r  .t  tt  ncract 
with  the  irrjf  cf  tTiiit:  v--.  \  •  '_"-_  ','tfr  -i^t  tt  it  "zst't  at»i 
under  con-irJir.is  atC'"-  ?  — .i-*  'x  t'jvt^  i-i-t  v  Z  tx  rt  :-  itit  f -t- 
nace  thai  :«  ti-  ut  Ir:.  t  Ir.  -si^-^i  1:  'j  --_•:  ^^  ti  zrtt  :»t*?:  n^i::;^ 
rial  to  use  fic  ni'Ti.r  -• -.^  :-  : -t  i-t;.  ir.J:  ri'^tr-jir:  r-n 
the  safest  course  :*  tt  r^  a  r'"'r'^=^/   =*^  ^itt^i  t-^3    ::r  rT'irrxr 

I  ;  J  r-  n r    I  '.z  : 

riesintfae  rrrrrrg'::  lac>r§  a't  rr.  '*-:^  r,'r  r--r»:"L5  Tr.e  t  i^-tc  T-t- 
rifiafaletvpe  of  £r*^cla;.i  n  t-*  '»:  r. i  r— : " ' :•  ^t  ::t  rhf-se  r-rto5^f5^ 
These  dars  are  ^/^xr^  ryrt  ^'iTit  rrrt  :>^2.'';*  2.  ^  t  f  rr,  \ft  vth 
large  amonrirts  of  s^r-i  >,  t  '^'"  -  ^^  -  r^a-r-itf-i  f-if  y*-cv 
may  he  acpji^^-i  T'*  o:  -t^  1:  t't  ^tii-  t.  ::  r:-^r'->:'C 
material  :$  to  aM':t  tr-^   rr^i*  rf  in    tr^-tx  2j-i   r^ivr^^v:  i*  x: 


Digitized  by  VjOO^ IC 


472  American  Foundrymen's  Association 

would  occur  with  most  clays  if  they  were  used  alone.  The 
tendency  of  these  mixtures  to  crack  may  be  reduced  still  further 
by  the  addition  of  about  0.5  per  cent  of  common  salt. 

Tests  of  Raw  Clay. — In  order  that  the  mixtures  containing 
large  amounts  of  nonplastic  material  may  be  plastic  when  wet 
and  may  dry  to  fairly  coherent  masses,  it  is  necessary  for  the 
raw  clay  to  have  considerable  bonding  power.  For  these  uses 
this  requirement  can  usually  be  met  by  specifying  that  the 
clay  shall  be  plastic.  If  more  definite  specifications  in  this 
respect  are  desired,  bonding  strength  tests  can  be  made  as 
described  later  in  this  paper. 

Tests  of  Burned  Clay, — These  mixtures  should  bake  to 
hard  masses,  or  partially  vitrify,  at  comparatively  low  tem- 
peratures and  should  not  soften  until  high  temperatures  are 
reached. 

Of  course  empirical  service  tests  of  the  adaptability  of 
clays  for  these  uses  can  be  made  readily  in  a  foundry.  How- 
ever, this  sort  of  test  does  not  give  data  that  can  be  used  as 
the  basis  of  specifications  for  the  purchase  of  similar  material. 
As  a  basis  for  the  purchase  of  clays  for  these  uses  by  specifi- 
cations, vitrification  and  softening  point  determinations  are 
desirable.  Theoretically  these  determinations  should  be  made 
on  the  mixtures  to  be  used  rather  than  on  the  clays  alone. 
It  might  seem  preferable  also  to  make  tests  in  contact  with 
the  slags  and  metals  with  which  these  mixtures  will  come  in 
contact  in  use.  Practically,  however,  the  making  of  stand- 
ardized tests  of  these  kinds  are  accompanied  by  g^eat  difficul- 
ties. Moreover  the  eflFect  of  admixture  of  moderate  amounts 
of  a  given  nonplastic  material  or  of  contact  with  a  given 
metal  or  slag  is  about  the  same  with  all  clays  of  a  certain 
class.  Therefore  it  seems  sufficient  to  make  vitrification  and 
softening  point  tests  on  the  clay  alone  as  described  in  the  sec- 
tion on  the  use  of  clays  for  mortar. 

Clays  in  Furnace  Bottom  Mixtures. — Closely  allied  to  the 
use  of  clays  for  daubing  mixtures  is  the  occasional  employment 
of  clay  as  an  ingredient  of  the  mixture  used  in  making  and 
repairing  the  bottoms  of  acid  open-hearth  furnaces.  Since 
these  mixtures  are  simply  shoveled  into  the  furnace,  plasticity 
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and  bonding  power  in  the  raw  state  are  not  required  of  the 
clay.  Provided  it  is  ground  sufficiently  fine  to  form  an 
intimate  mixture  with  the  sand,  the  physical  properties  of  the 
raw  clay  are  unimportant. 

According  to  the  kind  of  sand  used  and  the  proportions  of 
sand  and  clay  used  in  the  mixture,  a  vitrifying  or  a  nonvitrify- 
ing  fire  clay  should  be  used.  In  general  the  softening  point 
of  the  clay  should  be  high.  Vitrification  and  softening  point 
determinations  can  be  made  as  indicated  in  earlier  sections  of 
this  paper. 

Clays  in  Steel  Molding-Sand  Mixtures 

Requisite  Properties  of  Clays. — Plastic  fire  clays  are  used 
extensively  in  sand  mixtures  for  molds  for  steel  castings  in  both 
green-sand  and  dry-sand  mold  making.  The  function  of  the 
clay  is  to  act  as  a  bonding  material,  alone  or  in  conjunction 
with  other  binders,  such  as  molasses,  and  thus  to  render  the 
mixture  plastic  when  wet  and  enable  it  to  hold  its  shape 
when  partially  or  wholly  dry.  The  requirements  of  a  clay  for 
this  use  are  that  it  be  readily  miscible  in  a  very  intimate  manner 
with  large  proportions  of  sand  and  a  'small  amount  of  water, 
that  it  have  considerable  bonding  power  when  wet,  and  that 
it  shall  not  form  mixtures  that  vitrify  at  the  temperatures  at 
which  steel  is  poured.  For  dry-sand  molding,  a  certain  amount 
of  bonding  power  in  the  dry  state  is  required,  but  practically 
every  clay  that  has  sufficient  bonding  power  when  wet  will  be 
satisfactory  in  this  regard  when  the  molds  are  dry. 

Slaking  Test, — In  order  to  be  readily  miscible  with  sand 
and  water  in  the  sand-mixing  machines  in  use  in  steel  foundries, 
a  clay  must  either  be  finely  ground  or  slake  down  rapidly  to  a 
fine  powder  when  wet.  A  quick  slaking  clay  does  not  need 
to  be  finely  ground  for  this  class  of  work,  but  a  slow  slaking 
clay  must  be  very  finely  ground  and  thoroughly  blended  dry 
with  the  sand  if  an  intimate  mixture  is  desired  in  the  wet  com- 
position. The  slaking  properties  of  ground  x:lays  can  be  deter- 
mined in  the  following  manner: 
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Mixtures  of  the  clay  to  be  tested  are  made  with  potter's 
flint  in  the  proportions  of  1  to  1  by  weight.  These  are  mixed 
with  water  and  molded  into  cubes  1  inch  square  and  dried  first 
at  atmospheric  temperatures  and  finally  at  110  degrees  Cent. 
The  cubes  are  then  placed  on  a  piece  of  J^-inch  mesh  wire 
screen  and  immersed  in  water  at  room  temperature.  The  time 
required  for  the  whole  sample  to  slake  and  settle  through  the 
screen  is  taken  as  the  time  of  slaking  of  the  sample  of  clay. 
Several  determinations  should  be  made  and  the  average  taken 
as  representative  of  the  time  of  slaking  of  the  clay. 

Clays  vary  greatly  in  the  readiness  with  which  they  slake 
in  water.  In  the  testing  of  28  clays  at  the  bureau  of  standards 
it  was  found  that  the  time  of  slaking  varied  from  53^2  to  128 
minutes.  Fat,  sticky  clays  require  much  longer  time  for  slaking 
than  short,  sandy  ones.  However,  as  stated  above,  the  rate  of 
slaking  of  fat  clays  can  be  accelerated  by  fine  grinding. 

Bonding  Power  Test. — The  bonding  power  of  clay  in  wet 
mixtures  of  clay  and  sand  varies  so  greatly  with  the  relative 
amounts  of  clay  and  sand,  the  amount  of  water,  the  size  of 
grain  of  the  sand  or  sands,  and  the  method  of  making  the 
test  specimens,  that  it  seems  necessary  for  each  foundry  to 
make  tests  of  this  property  on  the  particular  mixture  employed 
in  that  plant.  The  clays  cannot  be  tested  alone  for  the  strength 
of  some  clays  is  increased  by  the  addition  of  sand  while  that  of 
others  is  decreased.  The  moduli  of  rupture  of  the  dried  mix- 
tures cannot  be  taken  as  an  indication  of  the  bonding  power 
in  the  wet  condition  of  the  clay.  It  has  been  found  that  certain 
kinds  of  clays,  such  as  the  adobe  clays  of  the  Southwest  and 
the  loess  clays  of  the  Middle  West,  have  high  moduli  of  rup- 
ture in  the  dry  state  but  practically  no  bonding  power  in  the 
wet  condition.  On  the  other  hand  most  clays  that  have  high 
bonding  power  when  wet  have  considerable  strength  when  used 
in  dry  sand  mixtures. 

The  bonding  power  of  a  clay  in  a  wet  sand  mixture 
is  determined  in  the  foundry  laboratory  of  the  bureau  of 
standards  by  making  a  shearing  strength  test  as  follows :  Bars, 
of  the  mixture  to  be  tested,  12  inches  long  by  1  inch  square 
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in  cross  section,  are  molded  in  a  snap  flask  on  a  smooth  glass 
plate.  The  sand  is  first  gently  rammed  with  the  thumb 
and  forefinger  of  each  hand  and  then  firmly  rammed  once 
with  a  round  wooden  bar  from  one  end  to  the  other.  Then 
the  flask  is  removed,  the  sand  bar  being  left  on  the  plate.  The 
bar  is  then  gently  shoved  lengthwise  over  the  plate  at  about  the 
rate  of  1  foot  a  minute  until  it  breaks  off.  The  weight  of  the 
portion  of  the  bar  breaking  off  is  the  shearing  strength  per 
square  inch  of  the  mixture.  Several  determinations  can  be 
made  on  the  same  bar,  and  several  bars  should  be  tested  in 
order  to  get  a   fair  average. 

In  this  test  it  will  be  found  that  fat  sticky  clays,  especially 
the  fine-grained  ones,  have  greater  bonding  power  than  short, 
sandy  ones.  This  agrees  with  the  fact  that  it  has  been  found 
practicable  to  use  a  smaller  percentage  of  finely  ground  fat 
clays  in  clay-sand  mixtures  than  of  sandy  clays. 

Vitrification  Test. — A  clay-sand  mixture  that  vitrifies  or 
bakes  to  a  hard  mass  at  steel  pouring  temperatures  is  liable  to 
g^ve  a  high  sand  loss  and  castings  that  are  hard  to  clean.  A 
thick  layer  of  caked  sand  will  adhere  to  the  castings.  To  deter- 
mine the  probability  of  this  occurring  with  a  given  mixture, 
vitrification  tests  of  the  clay  alone  cannot  be  used.  With  the 
small  amounts  of  clay  employed  in  these  mixtures  vitrification 
is  brought  about  by  the  actual  fusion  of  a  mixture  of  clay,  the 
finest  of  the  sand  grains,  and  the  surface  layers  of  the  coarse 
sand  grains.  The  temperature  at  which  this  takes  place  bears 
no  relation  to  the  temperature  at  which  the  clay  alone  vitrifies. 
It  is  more  nearly,  but  not  directly,  related  to  the  softening 
point  of  the  clay.  It  may  be  said  that  if  a  clay  does  not 
soften  at  steel  melting  temperatures,  it  will  not  give  vitrified 
clay-sand  mixtures.  On  the  other  hand  if  it  does  soften  at 
or  below  steel  melting  temperatures  it  will  or  will  not  give 
vitrified  clay-sand  mixtures  according  to  the  kind  of  sand  used 
and  proportion  of  clay  in  the  mixtures. 

For  the  foregoing  reasons  it  is  desirable  to  test  the  clay- 
sand  mixture  to  be  used.  The  mixture  for  the  vitrification  test 
should  be  heated  to  the  temperature  used  in  pouring  steel  in  the 
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foundry  using  the  mixture.     In  other  respects  the  test  should 
be  conducted  as  described  in  the  section  on  refractory  mortars. 

Qays  with  high  softening  points  are  generally  preferred 
for  clay-sand  mixtures  used  in  making  molds  for  steel  cast- 
ings. However,  some  clays  with  low  melting  points  are  used 
successfully.  In  tests  conducted  at  the  bureau  on  clays  actually 
used  in  steel  facing  sand  mixtures  it  has  been  found  that  the 
softening  points  varied  from  1180  degrees  Cent.  (2150  degrees 
Fahr.)  to  1600  degrees  Cent  (2900  degrees  Fahr.).  The  clays 
with  low  softening  points  have  great  bonding  power  and  are 
used  in  such  small  proportions  in  the  mixtures  that  they  do  not 
cause  vitrification. 

The  Place  of  Chemical  Analyses  in  the  Testing  of  Clays. — 
Chemical  analyses  have  little  place  in  the  testing  of  clays  for 
foundry  uses.  The  value  of  clays  for  these  uses  is  dependent 
on  the  physical  properties  of  the  clays,  such  as  ease  of  slaking, 
bonding  power,  vitrification  behavior  and  softening  point.  The 
relations  between  these  properties  and  chemical  composition 
are  so  obscure  that  it  is  impossible  to  estimate  them  in  a  given 
clay  from  a  study  of  either  its  ultimate  chemical  analysis  or 
the  sb-called  rational  analysis. 

No  relationships  have  ever  been  established  between  compo- 
sition and  such  properties  as  ease  of  slaking  and  bonding 
power.  The  relationships  between  chemical  composition  and 
vitrification  temperature  and  softening  point  are  very  gen- 
eral. It  is  possible  to  say  that  a  clay  having  a  composition 
corresponding  very  closely  to  that  of  pure  clay  substance  (39.8 
AljOa,  46.3  SiOa,  13.9  HjO)  will  have  a  high  melting  point  and 
that  a  clay  whose  analysis  shows  the  presence  of  large  amounts 
of  fluxing  oxides,  such  as  lime,  soda  and  potash,  will  have 
a  lower  softening  point.  It  is  not  possible  to  estimate  the 
melting  point  with  any  accuracy  in  either  case.  The  vitrifica- 
tion and  softening  points  of  a  clay  depend  not  only  on.  its 
chemical  composition  but  also  on  the  state  of  chemical  combina- 
tion of  the  various  elements,  that  is,  on  the  kinds  of  minerals 
present,  and  on  the  size  of  grain  of  these  minerals. 
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Discussion — ^Testing  Clays  for 
Foundry  Use 

Mr.  R.  F.  Harrington. — A  number  of  years  ago  Dr. 
Moldenke  introduced  a  method  whereby  the  plasticity  of  clays 
could  be  tested  by  the  use  of  a  malachite  green  dye.  Since  then 
the  laboratory  of  the  Saunders  &  Franklin  Co.  at  Providence 
has  developed  a  method  in  which  a  crystal  violet  dye  is  used  for 
determining  the  plasticity  of  clay.  I  have  done  quite  a  little 
work  along  these  lines  and  have  found  the  test  well  worth 
while  and  I  would  like  to  ask  Mr.  Staley  if  he  has  considered 
that  method  in  his  tests. 

Mr.  H.  F.  Stalev. — The  ceramic  division  of  the  bureau  of 
standards  experimented  for  several  years  with  the  use  of  dyes 
and  as  a  result  of  this  work  decided  that  this  test  is  not  re- 
liable and  does  not  use  it.  The  bureau  found  that  impurities 
in  the  clay  absorb  the  dye.  It  found  also  that  if  a  man  were 
attempting  to  select  his  clay  by  the  dye  test,  he  would  not 
get  results  which  he  could  not  use  in  factories  as  well  as  he 
could  by  selecting  clays  according  to  his  past  experience  in  the 
use  of  those  particular  clays.  There  has  never  been  a  satis- 
factory method  devised  for  determining  the  plasticity  of  clays. 

Dr.  Richard  Moldenke. — There  is  no  doubt  that  the  dye 
test  is  not  as  satisfactory  as  it  might  be.  Saunders  &  Franklin 
improved  my  own  work.  We  were  only  trying  to  find  some- 
thing that  foundrymen  could  use.  I  was  wondering  how  many 
foundries  in  the  country  could  make  use  of  the  information 
just  given  in  the  paper.  They  have  no  laboratories  to  go  into 
the  subject  so  deeply.  The  dye  test  is  a  simple  one  and  I 
have  always  found  it  to  work  satisfactorily  enough  for  the 
purpose   intended. 

Instead  of  buying  good  clay,  many  foundrymen  dig  clay 
from  their  backyards,  daub  their  cupolas  and  wonder  why, 
after  the  seventh  or  eighth  heat,  they  have  to  reline  at  the 
melting  zone.     This  means  money,  work,  lots  of  lab^-  — —^se, 
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a  pile  of  slag  and  many  lost  castings.  I  would  like  to  sec 
the  bureau  of  standards  take  the  clay  dug  in  the  backyard  and 
show  the  foundrymen  just  what  they  are  up  against.  If  some 
homely  examples  were  given  they  would  begin  to  think. 

Mr.  Harrington. — Mr.  Staley  has  pointed  out  the  neces- 
sity of  using  a  plastic  clay  in  a  facing  sand  where  clay  is  used 
to  replace  a  portion  of  the  new  molding  sand.  Wc  want  to 
keep  the  sand  as  open  as  possible,  and  if  we  are  not  particular 
in  obtaining  a  plastic  clay,  we  are  going  to  close  up  the  voids 
in  the  sand.  There  are  plenty  of  clays  in  New  Jersey  that  arc 
plastic  and  yet  entirely  refractory  enough  for  the  average  gray 
iron  facing  work,  and  this  test — either  malachite  green  or 
crystal  violet — will  give  a  very  fair  test  of  the  clays  and  their 
value  as  a  binder  for  use  in  facing  sand.  The  founder  gains 
nothing  by  the  use  of  the  cheaper  and  less  plastic  clays,  as  by 
so  doing,  because  of  the  fact  that  for  the  same  binding  strength 
much  more  of  the  less  plastic  clay  must  be  used,  he  closes  up 
his  facing  or  heats  to  the  point  where  scabbed  castings  are 
inevitable. 

When  things  were  booming  and  there  was  not  enough  labor 
to  do  the  work  the  night  laborer  who  was  mixing  the  daubing 
for  the  day  used  beach  sand  instead  of  fire  sand  by  mistake. 
When  we  were  using  the  fire  sand,  we  frequently  complained 
that  while  it  was  entirely  refractory  it  did  not  stay  on  the 
walls  as  well  as  it  should.  When,  by  mistake  the  beach  sand 
was  put  in,  we  noticed  that  the  daubing  actually  vitrified  on 
the  bricks  and  remained  there  four  or  five  times  as  long  and 
gave  a  sufficiently  refractory  material  so  that  it  really  was 
better  to  use  the  beach  sand. 

Mr.  Staley. — In  general  the  clays  which  are  used  by  the 
cnicible  manufacturers  and  which  were  formerly  imported  from 
Germany  belong  in  the  class  of  plastic,  vitrifiable,  refractory 
clays:  that  is,  they  vitrify  at  comparatively  tow  temperatures, 
do  not  melt  until  very  high  temperatures  are  reached,  and  are 
clays  which  have  high  bonding  power.  It  has  been  found 
that  there  are  clays  in  this  country  which  can  be  mixed  to- 
gether and  produce  mixtures  which  will  take  the  place  of  the 
German  clays  but  we  have  no  one  clay  which  answers. 
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Refractory  Cements 

By  W.  S.  QuiGLEY,  New  York 

The  title  I  have  chosen  for  this  brief  paper  is  purposel. 
selected  to  bring  out  a  point  with  reference  to  high  tempera- 
ture cements  on  which  there  is  some  misapprehension.  A  re- 
fractory c^nent  is  not  of  itself  just  a  refractory  but  bears  its 
title  from  the  fact  that  it  is  used  as  a  binder  for  refractories. 
There  is  probably  not  a  commodity  used  today  by  manufac- 
turers in  general  that  is  as  little  understood  or  as  much  over- 
rated as  are  high  temperature  cements. 

In  foundry  circles  there  has  been  a  great  deal  of  educa- 
tional work  done  during  the  past  two  or  three  years  on  the 
use  of  refractory  cements,  and  while  their  successful  appli- 
cation is  well  understood  by  many  foundrymen  there  remains 
much  information  yet  to  be  uncovered  on  the  whole  subject 
of  their  many  and  varied  uses.  Their  use  sprang  up  rapidly 
during  the  war  owing  to  the  necessity  for  using  a  material 
for  bonding  refractories  which,  by  increasing  the  life  of  linings, 
would  prevent  shutdowns  and  by  the  use  of  which  repairs  to 
furnaces  could  be  quickly  made. 

Bonding  materials  may  be  divided  into  four  classes. 

First  we  have  fire  clay,  the  primary  function  of  which  is 
to  compensate  for  the  inequalities  of  the  bricks  or  shapes  as  a 
pliable  refractory  filler,  and  with  which  unduly  thick  joints 
generally  are  made.  It  has  no  binding  strength  of  itself  un- 
less subjected  to  a  vitrifying  temperature.  Furthermore,  inas- 
much as  heat  is  required  for  vitrification  in  order  to  obtain 
a  bond,  it  is  obvious  that  only  a  surface  bond  is  obtained,  as  the 
required  heat  for  vitrification  will  not  penetrate  the  entire 
thickness  of  the  wall.  The  result  obtained  may  be  likened  to 
a  vitrified  sheH  with  a  weak  structural  backing.  Furthermore, 
the  shrinking  of  the  fire  clay  due  to  its  own  moisture  and 
the  combined  water  used  in  mixing  it,  causes  a  separation 
between  the  bricks  or  shapes  in  walls  or  arches  which  frequently 
results  in  bulging  walls  or  coHapse  of  the  whole  structure. 

Secondly  we  have  coarse  grades  of  mixed  materials  or 
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so-called  cements  which  also  have  no  binding  quality,  depending 
upon  heat  or  vitrification  for  a  bond.  Materials  of  this  class 
must  be  made  to  bind  or  fuse  at  approximately  the  same  tem- 
perature at  which  the  furnaces  are  run,  or  no  bond  is  effected. 
In  other  words,  a  cement  which  is  good  for  a  low  tempera- 
ture annealing  furnace  is  not  good  for  a  high  temperature 
forging  furnace,  or  vice  versa.  Such  mixtures  are  subject  to 
the  same  surface  bonding  result  as  fire  clay. 

Thirdly,  some  cements  in  order  to  hold  the  component 
parts  together  depend  upon  a  fibrous  structure  which  shrinks 
and  eventually  loses  its  binding  value  as  soon  as  subjected  to 
any  considerable  degree  of  heat.  Such  cements  must  lose  their 
effectiveness  as  the  temperature  increases. 

Finally,  to  be  universal  in  its  application,  a  cement  should 
air  set  and  not  depend  upon  heat  for  creating  the  bond  in  order 
to  form  a  union  throughout  the  structure.  In  process  of 
manufacture  it  should  be  passed  through  a  fine  mesh  sieve 
so  as  not  to  contain  coarse  particles  which  would  tend  to 
create  voids  between  the  brick.  It  should  not  shrink  when 
subjected  to  heat.  It  should  be  a  material  which  can  be  used  as 
a  binder  with  crushed  fire  brick^  old  crucibles,  fire  sand  or  fire 
clay,  ganisters,  and  for  making  rammed-in  linings,  and  doing 
repair  work,  hot  or  cold.  And  furthermore,  its  composition 
should  be  such  that  it  can  be  used  in  neat  form  for  making 
small  hot  patches  and  repairs. 

The  principal  essential  of  a  refractory  cement  is  that  it 
should  have  at  various  temperatures,  the  same  co-efficient  of 
expansion,  as  nearly  as  possible,  as  the  materials  with  which  it 
is  used  for  bonding.  Refractories  themselves  differ  in  expan- 
sion co-efficient,  as  in  the  case  of  fire-clay  brick  and  silica 
brick,  where  the  former  has  0.075-inch  and  the  latter  0.175- 
inch  per  foot  at  2200  degrees  Fahr.*  Yet  a  cement  with  a 
co-efficient  which  lies  between  these  two  could  be  advantageously 
used  with  both  refractories. 

The  difference  in  the  cost  between  fire  clay  and  high 
temperature  cements  must  be  justified  by  the  difference  in  the 
results  obtained. 

•Cbemlcal   and  MeUllursical   Engineering,   Vol.   21.   No.   3,   page    153. 
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Repairing  the  Broken  Stem  post  of 
the  Northern  Pacific 

By  Arthur  F.  Braid,  New  York 


When  the  526-foot  army  transport  Northern  Pacific 
ran  aground  in  a  dense  fog  oflF  Fire  island,  Long  island, 
N.  Y.,  on  Jan.  2,  1919,  she  sustained  numerous  injuries  which 
required  extensive  repairs  in  the  Brooklyn  navy  yard.  The 
interior  machinery  was  badly  dis2d)led,  and  the  turbines 
were  thrown  out  of  alignment.  A  great  many  plates  were 
badly  battered,  and  had  to  be  replaced.  In  addition  to  this, 
the  problem  arose  as  to  what  should  be  done  with  the  huge 
cast  steel  stempost,  for  just  above  the  uppermost  gudgeon 
the  casting  was  cracked  through,  the  cross-section  of  the 
break  forming  roughly  a  triangle,  each  side  of  which  was 
about  2  feet  in  length.  A  view  of  the  broken  stem-post 
is  shown  in  Fig.  1. 

Break  Was  High  on  Casting 
The  high  position  of  the  stempost  break,  because  of  the 
unusual  circumstances  which  caused  it,  was  unique  in  the 
history  of  stern  injuries,  most  of  which  have  occurred  much 
lower  down  on  the  stem  post,  or  on  the  stern  shoe  near  its 
junction  with  the  ship.  The  welding  of  this  fracture  also 
offered  a  special  problem  because  the  crack  occurred  in  a 
hollow  part  of  the  casting,  just  above  a  solid  heavy  portion. 
The  wall  of  the  casting  at  the  break  averaged  about  3 
inches  in  thickness.  The  high  location  of  the  break  left 
the  huge  lower  portion  of  the  casting  to  be  supported  solely 
by  a  comparatively  slender  horizontal  stern  shoe,  which  must 
have  borne  a  terrific  strain  during  the  ship's  rough  treatment 
when  she  was  grounded.  To  alleviate  this  strain,  after  arrival 
in  dry  dock,  the  stern  shoe,  which  now  supported  most  of  the 
stem-post,  was  blocked  up  from  underneath,  and  a  wooden 
beam  inserted  in  the  propeller  space,  acting  as  a  brace  against 
the   stern-post. 

481 


Digitized  by  VjOO^ IC 


482 


American  Foundrymen's  Association 


In  handling  this  injury  a  mechanical  repair  was  consid- 
ered out  of  the  question,  and  there  remained  only  the  alterna- 
tive of  making  a  thermit  weld,  or  of  purchasing  an  enormously 
expensive    new   casting   and   installing   it    at    a    cost   probably 


FIG.    1— NEAR    VIEW   OF   8TERNP0ST   SHOWING    FBACTURB 

exceeding  $50,000.  Although  the  fracture  was  larger  than 
that  of  any  marine  weld  ever  before  made,  the  fundamental 
difficulties  were  not  greater  than  those  of  many  thermit  repairs 
of  considerably  larger  size  which  are  constantly  being  made  in 
the  steel  mills.  This  process,  therefore,  was  finally  chosen. 
To  those  who  are  unfamiliar  with  the  process,  it  may  be 
explained  that  thermit  is  a  mixture  of  aluminum  and  iron 
oxide.     This  mixture   is   ignited  by   means   of   special   ignition 
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powder  and  on  reaction  produces  superheated  liquid  steel 
and  slag  (aluminum  oxide),  at  a  temperature  of  approximately 
5000  degrees  Fahr.  This  thermit  steel  is  sufficiently  hot  to 
melt  and  dissolve  any  metal  with  which  it  comes  in  contact 
and  amalgamates  with  it  to  form  a  solid  homogeneous  mass 


no.  2— FRACTURE  CUT  OUT  LEAVING  SPACE  FOR  THERMIT  STEEL  TO  ENTKK 


when  cool.  In  making  welds  by  this  process  the  parts  to  be 
united  are  surrounded  by  a  mold  and  the  sections  heated  red 
hot  by  means  of  a  special  preheater,  after  which  the  thermit 
steel  is  poured  into  the  mold. 

Preliminary   Operations 
One  of  the  first  factors  in  making  this  repair  was  that 
in    overcoming  the   problem   of   inaccessibility.     The   sternpost 
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break,  situated  in  an  overhanging  place  about  20  feet  above 
the  floor  of  the  drydock,  necessitated  the  construction  of  a 
substantial  scaffolding  to  provide  a  steady  support  for  a  mold 
box.  This  scaflFolding  consisted  of  a  16  x  16-foot  wooden 
platform  of  3  x  12-inch  boards,  erected  just  below  the  level 


FIG.     3— WAX    PATTERN    APPLIED    PREVIOUS    TO    BUILDING    UP    MOLD 

of  the  crack.  These  boards  rested  on  two  horizontal  1x1- 
foot  beams,  which  in  turn  were  firmly  supported  by  four 
vertical   1   x   1-foot  beams  erected  on  the  drydock  floor. 

Having  erected  the  scaffolding,  the  next  step  was  to  pro- 
vide a  space  for  the  thermit  steel  to  enter  in  bulk  and  form 
a  perfect  amalgamation  with  the  broken  parts.  This  was 
accomplished  by  cutting  out  a  3-inch  gap  at  the  break  with 
an   oxyacetylene   torch.     Careful   measurements   indicated   that 


Digitized  by  VjOO^ IC 


Repairing  Sternpost  of  the  Northern  Pacific  485 

the  two  parts  had  already  separated  a  sufficient  amount  to 
make  up  for  the  contraction  of  the  weld  as  closely  as  that 
contraction    could    be   estimated   in    advance. 


Applying  the   Wax  Pattern 

In  order  to  reach  the  hollow  interior  of  the  casting  for 
the  purpose  of  supplying  wax  for  the  inside  part  of  the  wax 
pattern  and  for  building  up  the  inside  of  the  mold,  it  was 
necessary  to  cut  about  4  square  feet  of  plate  out  of  the  ship's 
inner  hull  with  an  oxyacetylene  torch.  As  the  rudder  had 
been  unshipped  from  the  sternpost,  it  now  was  possible  to 
climb  up  from  the  scaffolding  into  a  small  chamber  just  above 
the  hollow  space  of  the  sternpost  by  way  of  the  round  hole, 
about  2  feet  diameter,  of  the  rudder  stock  stuffing  box.  By 
hauling  wax,  tools  and  molding  material  up  through  this  hole 
by  means  of  ropes  and  pails,  the  inconvenience  of  having 
to  carry  this  material  down  the  series  of  hatchways  inside 
the  ship  was  avoided.  A  pipe  connecting  inside  and  outside 
workers  served  as  a  useful  speaking  tube  when  noise  occurred, 
especially   later   during   the   preheating. 

After  supplying  yellow  wax  to  the  hollow  inside  of  the 
broken  section  and  placing  a  layer  of  wax  on  the  floor  of 
the  casting,  molding  material  was  deposited  inside  the  casting 
and  rammed  up  to  a  depth  of  24  inches.  Provision  was  made 
against  the  falling  down  of  the  molding  material  after  the  wax 
had  burned  out  by  inserting  against  the  inside  wall  of  the  cast- 
ing ^-inch  iron  gaggers  bent  inward  at  right  angles  to  support 
the  mold.  A  wooden  cylindrical  riser  pattern  was  vertically 
connected  with  the  wax  on  the  floor  of  the  casting.  The  func- 
tion of  a  riser  is  to  hold  a  supply  of  liquid  steel  which  will  feed 
into  the  weld  during  shrinkage  and  thus  fill  up  any  pipes 
that  may  form  in  the  weld.  It  also  acts  as  a  depository,  allow- 
ing any  foreign  material  to  be  washed  out  of  the  weld  into  the 
riser. 

The  interior  of  the  casting  having  been  rammed  up,  wax 
was  next  applied  to  the  outside  of  the  cut  out  gap.  A  wax  pattern 
vras  formed,  varying  from  about  Ij^^  to  2  feet  in  width,  and 


Digitized  by  VjOO^ IC 


486..  American    Foundrymen's   Association 

bowed  upward  on  each  side  of  the  triangular  casting  at  points 
where  contact  with  risers  was  later  to  be  made.  Sixty-seven 
pounds  of  wax  were  required  for  making  the  wax  pattern. 

Constructing  and  Ramming  Up  the  Mold 

On  completion  of  the  wax  pattern  a  mold  box  next  was 
constructed  by  chitting  out  the  desired  sizes  of  sheet  iron  with 
an  oxyacetylene  flame,  and  bolting  them  into  position.  The 
finished  mold  box,  with  its  base  resting  on  the  platform,  had  a 
rectangular  trough-like  shape,  and  measured  48  inches  high,  .SI 
inches  on  the  sides  parallel  with  the  ship,  54  inches  wide  at  the 
base  and  10  feet  wide  on  top. 

In  ramming  up  the  mold  box  the  total  quantity  of  molding 
material  used  amounted  to  40  barrels  of  backing  material  and 
six   barrels  of   facing   material. 

Heating  gates  were  provided  by  inserting  cylindrical 
woodeil  patterns  through  the  bottom  of  the  box  on  both  sides 
aud  in  the  rear  of  the  weld.  Pouring  gate  patterns  were 
connected  diagonally  downward  through  the  top  of  the  mold 
with  the  wax  pattern.  For  outside  riser  patterns  a  small 
narrow  piece  of  a  wooden  plank  was  inserted  close  against 
each  side  of  the  triangular  sternpost  section  and  connected  with 
the  wax  pattern  below.  These  outside  risers  served  the  special 
purpose  of  supplying  molten  metal  for  the  thermit  collar  during 
cooling  shrinkage  and  thus  preventing  the  thin  casting  shell 
at  this  point  from  sloughing  away.  All  wooden  and  pipe  pat- 
terns were  removed  before  preheating. 

Suspending  Crucibles  in  Position 

The  suspension  of  the  two  No.  10  automatic  crucibles  with 
their  extension  rings  over  the  mold  box  was  accomplished  by 
removing  a  rivet  from  the  hull  of  the  ship  on  each  side,  at 
about  .10  feet  above  the  top  of  the  mold  box,  and  inserting  eye 
bolts  in  these  holes,  from  which  chain  hoists  suspended  the 
crucibles. 

T^he  crucibles  were  held  steadily  in  place  by  removing 
two  additional  rivets,  about  2^^   feet  apart  from  each  side  of 
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the  ship  at  the  height  of  the  crucibles  and  lashing  the  crucibks 
against  the  hull  by  means  of  steel  wire  cable  fastened  around 
the  crucibles  and  run  through  the  rivet  holes  into  the  ship, 
where  they  were  tied.  The  base  of  each  crucible  was  rested 
on  two  angle  iron  rails  laid  across  the  top  of  the  mold  box. 
Each  crucible  was  steadied  by  iron  pipes  braced  between  the 
crucible  and  platform.  When  in  place  each,xrucible  was  filled 
with  700  pounds  of  thermit,  making  altogether  1400  pounds. 
Bricks  were  lined  around  the  crucible  extension  rings. 

As  extra  heat  and  fire  precautions  asbestos  was  wrapped 
around  the  chains  holding  the  crucibles,  and  asbestos  sheets 
placed  between  each  crucible  and  the  hull  of  the  ship^**  Molding 
sand  was  scattered  over  the  platform  to  prevent  itS  catching 
fire. 

Preheating  the  Mold 

At  8:15  a.  m.  on  the  day  of  the  reaction,  the  preheating 
of  the  mold  was  started.  Two  gasoline  and  compressed  air 
preheating  torches  were  directed  through  the  sides  of  the  mold 
box,  and  a  third  down  through  the  riser  opening  in  the  interior 
of  the  casting.  The  preheating  was  kept  up  steadily  for  seven 
hours.  At  3:15  p.  m.  the  broken  sections  had  developed  a  very 
bright  heat.  Pressure  was  then  turned  off  and  the  heating 
gates  on  the  sides  of  the  mold  plugged  up  with  clay. 

As  the  time  approached  for  setting  off  the  reaction, 
the  impending  '"fireworks"  attracted  the  attention  of  several 
hundred  naval  officers,  sailors  and  civilian  employes,  and  the 
steps  at  the  end  of  the  drydock  served  as  a  great  amphitheater 
for  the  audience. 

Both  crucible  reactions  were  set  off  simultaneously  by  men 
stationed  on  ladders  near  the  crucibles.  At  3:30  p.  m.,  on 
signal,  each  man  ignited  with  a  red  hot  rod  the  teaspoonful 
of  ignition  powder  which  lay  on  top  of  the  thermit.  As 
the  reaction  started  they  jumped  down  and  retired  to  a  safe 
distance. 

About  45  seconds  were  allowed  for  the  liquid  thermit 
steel  to  form  from  the  reaction,  after  which  time  the  t\vo 
assistants  tapped  the  crucibles  by  knocking  up  the  tapping  pins 
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with  long  iron  rods,  thus  allowing  the  molten  steel  to  escape 
into  the  mold.  The  platform  had  been  well  sprinkled  with 
sand  and  there  was  no  danger  from  fire.  The  stray  pieces 
of  aluminum  oxide  slag  were  quickly  covered  with  sand  and 
rendered  harmless. 


no.   4- VIEW  OF   CRUCIBLES   AT   TIME   OF   REACTION 

The  weld  was  allowed  to  anneal  itself  by  cooling  slowly, 
the  mold  box  not  being  dismantled  until  the  following  day. 
When  the  molding  material  was  finally  cleared  away,  the  risers 
and  gates  cut  oflF  with  an  oxyacetylene  torch  and  the  weld 
examined  by  chipping  off  pieces  of  metal,  the  thermit  steel  was 
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found  to  be  of  fine  quality  and  appearance.  The  weld  was 
then  accepted  by  the  navy  yard  representatives  as  being  entirely 
satisfactory. 

The  total  number  of   14  working  days  taken  to  complete 
the  job  does  not  by  any  means   represent  the  average  time 


PIC.    ■>— CL08B-rP    VIEW    OF    KLN18HED    WBLD 

consumed  for  making  sternpost  welds.  The  other  repairs  on 
the  Northern  Pacific  detained  her  for  almqst  four  months 
confinement  in  drydock.  There  was,  therefore,  no  hurry  on 
the  sternpost  weld.  Furthermore,  this  repair  required  extra 
time  for  erecting  the  high  scaffolding  and  platform,  and  on 
account  of  the  delay  occasioned  in  preparing  the  interior  of  the 
casting.     Nevertheless,  had  the  sternpost  job  required  more  of 
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a  i;ush  the  total  time  consumed  on  the  repair  could  doubtless 
have  been  cut  in  half. 

Interesting  as  this  repair  is  as  a  record  weld  in  the  marine 
field,  its  real  interest  lies  in  the  fact  that  as  a  welding  operation 
it  is  of  no  greater  magnitude  than  hundreds  of  welds  which  arc 


FIG.  6— wxu)  Completed  and  rudder  shipped 


being  m^de  almost  every  day.  In  steel  works  welds  of  much 
greater  §ize  are  of  common  occurrence.  This  repair  did  not 
break  tlfe  world's  record  through  any  '*daredeviltry"  on  the 
part  of  jb^.  Repairer  in  Jiccepting  the  job,  but  merely  because 
no  marine  repair  of  this  magnitude  had  previously  presented 
itself.  Much  larger  repairs  can  be  completed  in  absolute 
safety  whenever  the  opportunity  occurs. 
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Progress  in  the  Application  of 
Electric  Arc  Welding 

By  Robert  E.  Kinkead^  Qeveland 


The  applications  of  electric  arc  and  oxy-^cetylene  welding 
have  been  greatly  advanced  as  a  result  of  the  conditions  brought 
about  by  the  war.  Conditions  which  produce  defective  cast- 
ings have  always  existed  in  all  foundries,  but  the  labor  situa- 
tion during  the  period  of  the  war  brought  about  a  state  of 
affairs  which  resulted  in  a  much  larger  percentage  of  defective 
castings  than  had  ever  been  produced  before. 

The  demand  for  skilled  craftsmen  in  the  foundry  industry 
far  exceeded  the  supply,  and  the  net  result  was  that  skilled 
workmen  were  spread  rather  thinly  through  the  industry. 
While  the  introduction  of  molding  machines  has  to  a  certain 
extent  made  it  possible  for  unskilled  labor  to  produce  a  com- 
paratively high  percentage  of  sound  castings,  the  application 
of  this  labor-saving  device  has  not  yet  become  so  general, 
but  that  there  are  still  a  large  number  of  castings  which  must 
be  made  in  a  manner  which  requires  a  high  degree  of  crafts- 
man's skill. 

The  net  result  of  these  conditions  during  the  war  was  that 
an  alarmingly  large  percentage  of  castings  came  from  the  sand 
that  were  partially  or  totally  defective.  This  has  led  to  an 
increased  interest  in  and  extended  application  of  welding 
processes  to  save  these  castings. 

In  the  eyes  of  the  highly  skilled  craftsman,  the  applica- 
tion of  welding  processes  to  correct  defects  produced  in  the 
castings  by  poor  workmanship  is  nothing  short  of  sinful. 
However,  from  the  point  of  view  of  the  economist,  welding 
offers  a  means  of  eliminating  a  large  economic  waste. 

A  casting  is  made  to  perform  a  certain  service,  and  so 
long  as  it  is  capable  of  performing  that  service  satisfactorily 
the  methods  used  in  its  production  are  of  secondary  import^  ^ 
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There  is  no  escape  from  the  economic  pressure  tending  to  com- 
pel the  foundryman  to  reduce  the  cost  of  production  of  his 
castings.  While  there  are  many  methods  of  reducing  the  cost 
of  production  of  castings,  the  salvage  of  defectives  offers  some 
of  the  greatest  poss3)ilities. 

In  Steel  Foundries 

The  electric  arc-welding  process  has  been  used  in  steel 
foundries  for  about  10  years,  and  during  that  period  the  senti- 
ment toward  salvaging  defective  castings  has  chained  in  a 
most  remarkable  manner.  This  practice  is  now  followed  by 
practically  every  steel  foundry  in  existence,  and  there  is  no 
question  but  that  if  the  practice  were  eliminated  completely 
today  the  price  of  steel  castings  would  have  to  be  substantially 
increased  to  cover  the  loss  of  labor  and  material  resulting  from 
rejection  of  defective  castings.  The  salvaging  of  defective  steel 
castings  may  now  be  said  to  be  standard  foundry  practice. 

The  carbon  electrode  welding  process  offers  one  of  the 
most  important  means  of  correcting  defects  in  steel  castings. 
Where  this  process  can  be  used,  in  the  opinion  of  the  writer 
the  work  may  be  done  cheaper  and  better  than  by  any  other 
means.  However,  the  extensive  use  of  the  correction  process 
has  developed  fields  which  cannot  be  covered  by  the  carbon 
arc  process.  The  metal  electrode  method  of  electric  welding 
has  been  substituted  with  great  success. 

The  field  in  which  the  metal  electrode  process  is  best  ap- 
plied is  in  dealing  with  small  steel  castings  where  the  defect 
is  of  minor  importance  and  in  larger  castings  where  the  defect 
occurs  in  a  section  which  is  thin,  and  on  which  the  heat 
must  be  extremely  localized. 

Good  foundry  practice  indicates  that  steel  castings  which 
have  been  welded  by  the  carbon  electrode  process  should  sub- 
sequently be  annealed  to  relieve  any  local  internal  strains  which 
may  have  been  introduced  by  the  application  of  the  heat  of  the 
arc.  There  are  occasions,  however,  when  it  is  extremely  in- 
convenient and  expensive  to  reanneal  a  casting  which  shows  a 
slight  defect.  On  such  occasions  the  application  of  the  metal 
electrode  process,  owing  to  the  very  great  localization  of  the 
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heat,  will  permit  the  correction  of  the  defect  without  the 
necessity  of  reannealing.  The  judicious  use  of  the  metal  elec- 
trode process  in  this  direction  has  resulted  in  some  attractive 
economies. 

Until  recently  5/32-inch  diameter  metal  electrode  was  as 
large  as  was  ordinarily  used  in  this  work.  Investigations  have 
recently  shown  that  ,^-inch  electrode,  and  even  ^-inch  diameter 
rod,  may  be  used  in  the  metal  electrode  process  to  good  advan- 
tage on  steel  castings. 

Welding  Malleable  Iron  with  Metal  Electrode 

The  welding  of  malleable  iron  castings  by  any  process 
is  difficult.  However,  the  metal  electrode  electric  welding 
process  has  been  used  successfully  and  with  large  savings  on 
some  classes  of  castings. 

There  is  no  difficulty  whatever  in  welding  the  outer  skin 
of  a  malleable  casting.  The  metal  in  the  weld  will  be  soft 
and  the  metal  in  the  skin  of  the  casting  adjacent  to  the  weld 
will  also  be  soft,  but  where  the  soft  skin  of  the  casting  is  only 
1/32-inch  deep,  difficulties  may  be  encountered  in  machining  the 
casting  after  it  has  been  welded,  although  reannealing  the  cast- 
ing in  most  cases  will  eliminate  difficulties. 

The  most  important  application  of  the  metal  electrode 
welding  process  in  malleable  castings  is  in  the  plugging  of  sand 
holes  in  castings  which  are  to  hold  p^l.  A  large  number  of  the 
castings  encountered   in   automobile   work   are   of   this   nature. 

Defects  in  malleable  castings  which  occur  on  surfaces  which 
are  not  to  be  machined  may  readily  be  corrected  by  the  metal 
electrode  process,  and  the  excess  metal  removed  with  an  emery 
wheel.  The  welding  on  malleable  iron  is  always  done  after 
the  casting  has  been  annealed.  If  the  casting  is  to  be  machined 
at  the  point  at  which  the  weld  is  made  it  should  be  reannealed. 

Progress  in  Welding  Gray  Iron 

The  application  of  the  electric  arc  welding  process  to 
gray  iron  has  developed  with  extreme  rapidity  within  the  last 
year.  While  the  fundamental  factors  involved  in  the  welding 
of  cast  iron  have  not  in  any  way  changed,  there  is  without  ques- 
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tion,  a  field  of  usefulness  for  the  electric  arc  process  which  is 
far  from  developed. 

Extensive  and  successful  application  of  the  electric  weld- 
ing process  has  been  made  to  the  repair  of  gray  iron  castings 
after  they  have  left  the  foundry.  Surprisingly  successful 
work  has  been  done  on  marine  engine  cylinders  as  well  as  on 
other  large  and  expensive  castings. 

The  attractive  feature  of  this  class  of  work  is  that  it 
may  be  accomplished  without  preheating  the  casting.  It  would 
be  far  from  the  truth  to  state  that  any  broken  gray  iron  casting 
can  be  repaired  successfully  with  the  electric  arc  process,  but 
there  are  many  jobs  which  can  be  done  and  a  great  saving  ac- 
complished. 

There  are  two  classes  of  work  which  can  be  done  in  the 
gray  iron  foundry  with  the  metal  electrode  process.  In  the  first 
class  are  large  castings  which  come  from  the  sand  with  shrink- 
age cracks  or  low  spots  in  parts  of  the  casting  which  are  not  to 
be  machined.  In  the  case  of  a  crack,  it  may  be  opened  up 
with  a  chipping  tool,  and  steel  filled  in  to  give  a  measure  of 
strength  and  complete  pressure  tightness. 

The  welding  can  be  han41ed  with  a  low  current,  and  should 
not  be  done  continuously.  The  operator  should  weld  for  pos- 
sibly 20  per  cent  of  the  time;  the  remainder  of  the  time  being 
divided  up  into  intervals  to  permit  the  heat  to  be  distributed 
throughout  the  locality  of  the  weld.  This  practice  will  not 
harden  the  cast  iron  in  the  vicinity  of  the  weld  with  the  ex- 
ception of  the  iron  which  is  within  1/16-inch  of  the  line  of 
fusion.  The  steel  added  will  not  be  hardened  by  the  absorp- 
tion of  carbon  from  the  cast  iron  for  a  distance  greater  than 
1/16-inch  from  the  line  of  fusion.  If  the  welder  works  in- 
termittently he  will  avoid  having  the  steel  shrink  away  from 
the  gray  iron.  The  difficulty  in  machining  such  a  weld  arises 
from  the  hard  area  1/16-inch  on  either  side  of  the  weld. 

The  second  class  of  work  which  can  be  done  with  the 
electric  arc  on  gray  iron  is  in  the  correction  of  small  sand  holes 
and  sand  spots  on  surfaces  which  are  to  be  machined.  In  work 
of  this  nature  the  sand  hole  is  opened  up  and  a  nickel  elec- 
trode fused  into  the  hole  by  the  heat  of  the  arc.  The  nickel 
is  not  welded  to  the   cast   iron,  but  at  the  high   temperature 
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produced  by  the  arc  makes  an  intimate  contact  with  the  gray 
iron,  which  resembles  an  amalgamation.  The  nickel  is  then 
peened  and  the  excess  metal  filed  away.  The  job  may  be  made 
pressure  tight,  and  the  application  is  entirely  successful  in  the 
correction  of  sand  spots  in  the  bore  of  engine  or  pump  cylin- 
ders. This  process  is  not  used  for  the  repair  of  breaks  in  a 
casting,  but  is  merely  a  method  of  plugging  a  crack  or  sand  hole. 

In  the  Machine  Shop 

Quite  frequently  in  machining  a  casting  defects  appear 
which  were  not  apparent  before  the  casting  was  set  up  in  a 
machine.  In  the  case  of  steel  castings,  the  metal  electrode  arc 
ivelding  process  enables  the  operator  to  correct  small  defects 
without  taking  the  casting  out  of  the  machine,  and  thus  per- 
mits a  very  great  saving  to  be  made.  The  application  of  the 
nickel  electrode  process  in  the  correction  of  small  flaws  in 
gray  iron  castings  which  are  discovered  after  the  casting  is  in 
the  machine  tool  also  may  result  in  substantial  saving. 
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A  New  Cutting  Gas 

By  Alfred  S»  Kinsey,  Hoboken,  N.  J. 


Cutting  steel  by  the  principle  of  rapid  oxidatf6n  has  be- 
come so  important  a  factor  in  foundries  and  for  the  repair 
and  manufacture  of  metal  parts  that  any  improvement  in  the 
process  is  certain  to  be  of  interest.  Many  will  recall  that 
the  first  torches  designed  for  the  cutting  of  metals  depended 
on  the  use  of  oxygen  and  hydrogen.  A  mixed  stream  of  low 
pressure  oxygen  and  hydrogen  produced  a  flame  which  was 
used  to  heat  to  a  bright  red  a  small  part  of  the  surface  of 
the  metal  to  be  cut.  Then  a  high  pressure  jet  of  oxygen 
from  the  same  torch  was  snapped  on  and  allowed  to  project 
itself  through  the  preheating  flame  so  as  to  strike  and  cut  the 
hot  metal  by  instantaneous  oxidation  or  burning. 

Ignition  Gas 

The  successful  commercial  manufacture  of  calcium  car- 
bide soon  made  acetylene  an  active  competitor  of  hydrogen 
for  cutting  metals.  This  condition  also  brought  about  a 
careful  study  of  the  merits  of  an  ignition  gas  for  metal  cut- 
ting. It  was  known  that  such  a  gas  served  for  a  moment  as 
fuel  to  preheat  the  surface  of  the  job,  and  that  then  com- 
paratively a  small  amount  of  gas  was  required  to  maintain 
the  ignition  of  the  pure  iron  as  the  cutting  progressed.  It 
was  natural  therefore  to  suppose  that  for  the  cutting  of  metals, 
an  inexpensive  gas  costing  less  per  cubic  foot  than  acetylene 
would  readily  adapt  itself  to  the  commercial  demand.  Hence 
many  special  cutting  gases  have  entered  the  field,  of  which 
may  be  mentioned  hydrogen,  pintsch  gas,  blau  gas,  carbo- 
hydrogen,   gasol,    wolf -gas    and   natural   gas. 

496 
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Valuable  experience  has  been  gained  from  the  use  of 
these  gases,  and  much  more  is  now  known  of  the  qualifica- 
tions of  a  successful  cutting  gas.  A  fallacy,  probably  un- 
consciously harbored  in  most  instances  is  that  the  efficiency 
ot  a  cutting  gas  depends  entirely  on  its  thermal  contents  in 
British  thermal  units,  that  is,  on  the  total  amount  of  heat 
it  may  be  available  to  propagate  a  flame  in  a  cutting  torch. 
Of  course  this  is  not  the  case,  as  may  be  shown  by  a  simple 
comparison  of  blau  gas  and  acetylene.  Blau  gas  has  a  heat 
value  of  1800  British  thermal  units  per  cubic  foot  and  acety- 
lene 1400  British  thermal  units.  This  might  indicate  that 
blau  gas  would  give  a  hotter  flame  than  acetylene,  which  of 
course  is  not  so,  the  highest  temperature  obtainable  from  blau 
gas  being  about  5000  degrees  Fahr.,  as  compared  with  6300 
degrees  Fahr.  for  acetylene.  The  high  temperature  of  the 
acetylene  flame  is  partly  due  to  its  endothermic  property  but 
this  does  not  entirely  account  for  the  diflFerence  in  heating 
value  of  the  two  gases.  It  is  not  only  the  quantity  of  heat 
a  cutting  gas  may  contain,  but  of  as  much  importance  is  the 
characteristic  of  the  gas  to  release  its  heat  units  at  a  rate 
faster  than  the  absorption  by  and  the  conduction  of  the 
heat  through  the  metal  being  cut,  as  well  as  the  ability  of  the 
flame  to  maintain  its  initial  temperature.  Carbon  is  the  chem- 
ical element  in  a  gas  which  probably  will  produce  the  most 
rapid  rate  of  combustion  provided  it  is  not  retarded  by  some 
other  element. 

Qualifications  of  a  Satisfactory  Gas 

From  these  premises  it  may  be  seen  that  a  successful 
cutting  gas  should  be  one  which  is  unsaturated,  contains  a  lib- 
eral amount  of  carbon,  combined  with  the  lowest  possible 
proportion  of  a  slow-burning  gas,  and  has  a  high  rate  of 
combustion. 

A  new  cutting  gas.  named  calorene,  has  been  developed 
for  the  purpose  of  meeting  these  conditions.  It  is  derived 
from  the  manufacture  of  alcohol.  It  is  an  unsaturated  gas 
and  its  analysis  shows  carbon  86  per  cent;  hydrogen,  14  per 
cent,    and   a   heat   value    of    1580    British    thermal    units    per 
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cubic  foot.     Some  relative  heat  value  data  may  be  of  interest: 

Maximum 

Carbon  Hyd^n    Ratio  B.T.U.    Temp. 
Per        Per      Carbon         per      Degrees 

Cent      Cent     to  Hyd.  cu.ft        Fahr. 

Acetylene     92  8  11.5:1  1400         6300 

♦Calorene     86         14  6    :1  1580         6200 

Gasol     84         16  5.3:1  2300  5000 

Blau    Gas    80         20  4    :1  1800  5000 

Carbo-hydrogen     17         83         -5    :1  412 

Hydrogen     ..  322         4000 

♦The  new  gas. 

It  will  be  seen  that  acetylene  has  the  highest  ratio  of 
carbon  to  hydrogen,  with  the  new  gas  next  in  order.  This 
largely  accounts  for  the  fine  cutting  qualities  of  these  two  gases, 
but  the  unsaturated  nature  of  the  gas  producing  a  high  rate  of 
combustion  also  enters,  and  in  this  regard  the  new  gas  has  so 
far  been  shown  to  be  practically  the  equal  of  acetylene  as  a 
cutting  gas. 

Cutting  Qualities  of  New  Gas 

The  following  brief  summary  data  of  recent  tests  by  the 
author  will  give  an  idea  of  the  cutting  qualities  of  calorene, 
both  on  thin  and  thick  metal: 

TO  CUT  BT  HAND  TOBCH   100  SQUABE  INCHES  OF  STEEL  WITH  CALOBENB 

Thick-  Consumpttoo Cost Uoetl 

nen  Time     Oqrgen  Calorene    Labor      Oiygen  Calorene  feet  col 

Material                Indies  Mlns.     Co.  ft.    Cu.  ft      ^68c    0$1.25  ^$2.00  Total  per  bov 

Steel   plate    0.41  12.04      10.66      4.78      $0.14      $0.13      lO.lO  $0.87  10L6 

Steel    forging    2.25        6.93      22.60      2.04          .08          .28          .04  .40  82.0 

Steel   casting    9.00  3.5        24.55      1.66          .04          .31          .03  .38  16.0 

It  will  be  seen  that  while  the  consumption  of  oxygen 
per  cubic  foot  increases  with  the  thickness  of  the  metal  being 
cut,  both  the  labor  and  consumption  of  the  new  gas  decreases. 
This  results  in  maintaining  a  low  figure  for  the  total  cost  per 
square  inch  of  metal  cut. 

A  full  cylinder  of  the  new  gas  containing  210  cubic 
feet  weighs  85  pounds,  compared  with  145  pounds  for  another 
well  known  cutting  gas  which  we  will  call  "Gas  No.  3"  in 
the  following  table  and  250  pounds  for  acetylene.  The  fol- 
lowing table  gives  this  in  better  form,  the  figures  showing 
the  total  weight  of  cylinders  and  gas  required  to  be  handled 
to  cut  1,000,000  linear  feet  of  ^-^nch  boiler  plate: 
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Approximate    Total   weight    of    Cylinders   and    Gas    Required    to    be 
Handled  to  Cut  1,000,000  Lineal  Feet  of  H-^nch  Boiler  Plate 

Total   Weight 
to  be  handled 
Cylinder                  to  cut  one  mil- 
Kind  of  Gat  — lion  linear  feet  Relative 

Pressure  Gipadty  Gross         of  H-inch  to  be 

Lbs.        Cubic    Weight      boiler    plate,  weight 

Sq.Inch       feet        Lbs.  Lbs.  carried 

Calorene     1250  210  85  9000  1 

Acetylene     250  250  225  29000  32 

Gat    No.    3 1800  200  145  69000  7.7 

Kerf  Surfaces 

Under  certain  conditions  some  cutting  gases  will  leave 
the  surface  on  each  side  of  the  kerf,  or  slot,  of  a  job  cov- 
ered with  an  oxide  scale  so  hard  that  it  is  impossible  to  ma- 
chine the  surfaces,  and  even  grinding  is  inefficient.  The 
metal  under  the  scale  is  also  sometimes  liable  to  granulation 
and  brittlizing  due  to  the  action  of  the  flame.  The  kerf  scale 
of  the  new  gas  is  about  0.008-inch  thick  on  a  4-inch  cut  and 
always  is  noticeably  thin  and  fragile,  and  the  under  surface  is 
undisturbed  in  hardness  as  determined  by  the  scleroscope  and 
file.  This  undoubtedly  is  due  to  the  rapid  and  efficient  combus- 
tion of  the  gas  with  oxygen.  In  steel  foundries  it  is  often  of 
first  importance  to  have  the  surfaces  of  castings  which  have 
been  cut  left  with  a  scale  easily  knocked  off  and  with  the  ad- 
joining metal  soft  enough  to  avoid  dulling  the  edges  of  ma- 
chine tools* 

The  explosibility  of  the  new  gas  will  be  of  interest  to 
many.  Its  explosive  range  is  from  about  4  of  calorene  to  96 
of  air  to  14  of  calorene  and  86  of  air,  as  compared  with  a 
range  of  3  of  acetylene  and  97  of  air  to  70  of  acetylene 
and  30  of  air.  It  may  be  compressed  to  3500  pounds  per 
square  inch  and  stored  as  a  free  gas,  no  filler  being  required 
in  the  cylinders.  This  partly  accounts  for  the  lightness  of  a 
commercial  cylinder  of  the  gas.  It  may  be  brought  in  contact 
with  oil  and  grease  without  danger  of  explosion. 

It  will  work  at  low  temperature,  and  its  point  of  com- 
bustion is  about  that  of  illuminating  gas.  It  has  a  pleasant 
odor,  and  its  products  of  combustion  are  unnoticeable  and 
harmless. 
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and  Different  Sections 

By  George  B.  Malone,  Bayonne,  N.  J. 


To  be  able  to  weld  castings  of  different  metals  is  one  of 
the  most  important,  accomplishments  a  foundryman  can  pos- 
sess today.  A  great  many  times  it  is  possible  to  salvage  an 
expensive  casting  by  -velding,  which  was  unheard  of  a  few 
years  ago.  During  the  war  period  welding  came  into  use  more 
than  ever  before,  principally  on  account  of  the  need  for  all 
types  and  classes  of  castings.  Millions  of  pounds  of  castings 
were  salvaged  in  this  manner  and  were  accepted  by  the  gov- 
ernment officials  as  being  perfect  in  every  particular.  To 
illustrate  this,  in  one  of  the  large  industrial  plants  the  writer 
salvaged  upwards  of  2,000,000  pieces,  the  aggregate  saving 
to  the  firm  being  $13,000  per  week.  A  large  number  of 
foundrymen  have  yet  to  learn  that  castings  can  be  salvaged 
by  welding  instead  of  consigning  them  to  the  scrap  heap 
with    resultant   total   loss. 

A  large  pump  concern  with  which  the  writer  is  very 
familiar  would  not  accept  the  welding  process  until  a  few 
years  ago.  Instead  when  a  pump  cylinder  was  slightly  porous, 
they  would  send  it  out  and  insist  that  it  be  brazed.  If  the 
brazing  concern  was  lucky  enough  to  save  this  cylinder,  it 
would  be  camouflaged  by  painting,  etc.,  and  forwarded  to  the 
customer.  While  this  practice  is  very  common,  the  writer 
wishes  to  say  that  brazing  should  not  be  employed  except  for 
minor  repairs  on  castings.  In  the  first  place,  upon  micro- 
scopic examination  it  will  be  noted  that  fine  hair  line  cracks 
are  easily  discernible.  All  the  time  and  labor  that  was 
spent  in  preparing  the  casting  for  brazing  will  be  lost  in  a 
great  many  cases. 

Weld,   Don't   Braze 

The  proper  way  to  prepare  a  cylinder  casting,  particularly, 
is  to  preheat  it  and  then  weld,  not  braze.     In  passing,  in  order 
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to  explain  just  what  is  meant  by  preheating  intelligently,  I 
might  say  that  the  temperature  to  which  any  piece  should  be 
preheated  depends  upon  the  metal  of  which  it  is  made,  its 
shape,  size  and  the  purpose  of  the  preheating.  To  illustrate 
the  diflFerences  in  preheating  temperatures,  consider  first  a 
heavy  piece  of  cast  iron  the  shape  of  which  should  not  produce 
any  shrinkage  strains  when  cooling,  and  on  the  other  hand 
a  light,  complicated  casting  such  as  an  automobile  cylinder. 
In  the  first  case  it  is  very  evident  that  the  purpose  of  preheat- 
ing is  largely  to  save  gas  and  labor  and  that  the  preheating 
can  be  carried  to  as  high  a  temperature  as  a  cherry  red  because 
there  will  be  no  danger  from  distortion  or  cracking.  In  the 
second  case,  the  conditions  are  entirely  different.  The  pre- 
heating must  not  be  carried  to  so  high  a  degree  as  to  warp 
the  cylinder  and  still  it  must  be  carried  high  enough  to  permit 
contraction  without  cracking  when  cooling.  In  this  case,  of 
course,  the  amount  of  gas  saved  by  preheating  is  very  small. 
In  the  first  case,  the  temperature  may  vary  from  1200  to 
1500  degree  Fahr.,  while  in  the  second  case  it  should  never 
exceed  800  degrees.  In  other  cases,  where  the  style  or  type 
of  cylinder  is  quite  simple,  a  low  temperature  is  sufficient.  The 
writer  would  suggest  that  instruments  be  used  to  measure  the  heat 
such  as  thermocouples.  In  welding  hollow  castings  that 
might  have  small  blow  holes,  such  as  water  backs,  radiator 
castings,  etc.,  great  care  must  be  taken.  It  is  very  important 
that  these  castings  should  be  preheated  first.  There  are  no 
special  instructions  that  can  be  given  in  these  cases  other 
than    that    an    intelligent    welder    use    precaution. 

Welding   Large   Steel   Castings 

Large  steel  castings  may  be  welded  where  wear  is  not 
a  factor  without  preheating,  but  it  is  preferable  in  all  cases 
particularly  where  iron  or  steel  castings  lie  in  a  damp  place 
or  where  they  are  subjected  to  intense  cold,  that  they  be 
brought  to  the  welding  temperature  slowly.  The  reason  for 
this  is  as  soon  as  the  welding  torch  is  applied  to  a  cold  casting 
the  chances   for  crystallization  are  good  and  not  only  will   a 


Digitized  by  VjOO^ IC 


502  American  Foundrymen's  Association 

poor  weld  result  but  in  a  great  many  cases  the  casting  vnW 
be  rendered  unfit  for  use. 

The  salvage  of  small  castings  by  the  welding  process 
is  something  that  should  be  considered  more  by  the  foundry- 
man  than  it  is  at  the  j^resent  time.  It  is  a  well  known  fact 
that  certain  foundries  do  figure  a  certain  percentage  of  loss. 
This  loss  can  be  reduced  to  a  minimum  by  the  welding  proc- 
ess, if  the  writer's  advice  is  taken  into  consideration,  and 
large  savings  in  money  are  assured  to  the  foundryman  who 
will  install  welding  equipment.  In  the  writer's  opinion,  the 
foundryman  who  has  not  as  yet  installed  a  welding  outfit 
is  as  far  behind  the  times  as  the  printer  who  is  using  an 
old-fashioned    hand    press. 

Welding  Nonferrous  Castings 

In  the  salvaging  of  brass  and  bronze  castings  by  welding 
great  care  must  be  exercised.  As  an  illustration  of  the  need 
of  care  in  welding  brass  and  bronze,  the  following  incident, 
which  took  place  in  a  plant  where  the  writer  was  interested 
in  the  salvaging  of  castings  for  pistols  to  be  used  by  the  gov- 
ernment in  trench  warfare,  may  be  cited.  All  of  the  pistol 
grips  were  made  of  bronze.  The  need  for  the  pistols  at 
the  time  was  very  great.  The  maker  was  at  his  wit's  end 
to  know  how  to  reclaim  castings  which  were  found  to  contain 
sand  holes  when  received.  The  writer  was  consulted  and 
upon  a  visit  to  the  plant,  he  found  that  the  tool  department, 
which  had  control  of  the  welding  outfits,  was  using  Tobin- 
bronze  rod  in  trying  to  salvage  the  pistol  grips.  When  they 
were  polished,  they  showed  a  bright  yellow  or  in  some 
cases  a  gold  streak  where  the  grip  was  welded.  Of  course, 
the  government  inspector  would  not  pass  them  and  hundreds 
were  rejected.  The  writer  immediately  straightened  out  this 
difficulty  by  analysis;  tliat  is,  he  secured  from  a  rolling  mill 
:l  welding  rod  with  a  higher  copper  content  than  that  in  the 
metai  constituting  the  grip  casting  itself,  and  after  welding 
10  grips  himself  he  had  them  forwarded  to  the  polishing 
V  department  and  from  there  to  the  government  inspector  who 
>a^ed  them  without  comment.     The  writer  wishes  to  impress 
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upon  foundrymen  at  large  that  when  it  is  necessary  to  weld, 
first  consider  the  casting  to  be  welded  and  then  endeavor 
to  secure  a  welding  rod  of  an  analysis  similar  to  the  casting. 
You  will  then  find  very  little  difficulty  in  salvaging  castings 
and  saving  a  great  many  dollars.  This  is  particularly  true 
in  welding  brass  or  bronze  castings  which  may  have  to  be 
polished  and  will  show  a  diflferent  color  at  the  weld. 

Welding  Monel  Metal 

A  great  many  foundrymen  have  experienced  difficulty  in 
welding  Monel-metal  castings.  Monel-metal  castings  are  really 
not  any  harder  to  weld  than  the  ordinary  iron  castings  if 
the  proper  procedure  is  followed.  The  analysis  of  Monel 
metal  shows  a  large  nickel  content  and  a  nickel  casting  cannot 
be  welded  without  preheating.  On  account  of  the  combina- 
tion of  copper  with  the  nickel  in  Monel  metal  it  is  easy  to  see 
that  both  must  be  brought  to  a  rather  high  preheating  tem- 
perature, say  1600  degrees  Fahr.,  before  the  weld  is  attempt- 
ed. After  the  casting  is  welded  it  .should  be  brought  again 
to  approximately  1500  degrees  and  placed  in  hydrated  lime  in 
order  to  prevent  any  air  getting  access  to  it.  Now  this  same 
principle  applies  to  practically  every  type  of  casting. 

The  average  foundryman  will  tell  you  that  when  the 
weld  was  made  the  casting  looked  first  rate  but  10  minutes 
afterward  it  was  all  cracked.  The  reason  for  this  is  that 
proper  care  was  not  taken  with  the  casting  after  the  weld 
was  made.  The  casting  should  have  been  allowed  to  cool 
slowly  and  hydrated  lime  is  the  best  substance  that  the  writer 
is  acquainted  with   for  cooling  castings  slowly. 
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Mr.  Robert  E.  Kinkead. — The  welding  of  any  casting  of 
gray  iron  whose  failure  would  bring  death  and  destruction 
should  not  be  done  by  the  electric  process.  In  order  to  accom- 
plish fusion,  it  is  necessary  to  melt  the  cast  iron.  Now  if 
there  is  a  considerable  mass  of  metal  back  of  the  line  of  fusion 
which  is  cold,  it  is  quite  evident  that  that  small  area  or  small 
volume  of  metal  which  was  melted  to  accomplish  fusion  will  be 
suddenly  chilled,  and  that  chilled  iron  has  the  characteristic 
of  all  chilled  iron:  it  is  hard  and  brittle.  That  is  on  the  cast 
iron  side  of  the  line  of  fusion.  On  the  -steel  side  of  the  line 
of  fusion,  the  steel  absorbs  a  certain  amount  of  free  carbon 
in  the  cast  iron;  the  result  is  that  you  have  got  a  thin  layer 
of  high  carbon  steel.  Such  a  junction  (you  may  call  one  side 
cast  iron  and  the  other  side  steel)  is  not  reliable.  Any  jar  or 
dynamic  stress  is  apt  to  pull  the  steel  out  of  the  cast  iron 
because  that  chilled  iron  will  not  stand  any  dynamic  stress. 
Now  the  way  we  get  around  that  fundamental  defect  in  the 
practice  in  repair  work  is  through  the  application  of  steel  studs 
along  the  line  of  the  weld.*  Some  people  rely  on  a  tensile 
strength  of  5000  pounds  per  square  inch  of  area  due  to  that 
fusion  between  the  steel  and  the  gray  iron ;  then,  by  introducing 
studs  and  welding  across  the  studs  on  either  side  of  the  crack 
to  get  an  additional  strength  due  to  the  shearing  strength  of 
the  studs  and  assume  that  they  get  up  to  15,000  pounds  per 
square  inch  tensile  strength  in  the  weld  constructed  in  that 
manner.  While  on  a  great  many  gray  iron  castings,  owing  to 
the  great  factor  of  safety  used  in  their  design,  such  a  job  is 
entirely  satisfactory. 

In  regard  to  the  use  of  a  flux,  you  can  use  any  kind  of  a 
flux  or  welding  compound  or  anything  else,  but  the  resultant 
hardening  of  cast  iron  under  sudden  cooling  is  something  that 
cannot  be  affected  by  the  introduction  of  any  foreign  substance, 
so  far  as  I  know,  so  that  a  flux  is  entirely  useless. 
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Professor  A.  S.  Kinsey. — In  regard  to  the  question  of 

flttx,  is  it  not  true  that  we  use  a  flux  in  order  to  lower  the 

temperature  of  the  oxide  of  cast  iron  so  that  we  can  get  it  out 

of  the  way  and  reach  the  pure  metal  and  make  proper  fusion? 

If  we  try  to  weld  cast  iron  without  attempting  to  remove  the 

oxides,  the  fusion  will  not  be  a  good  one,  and  there  will  be 

porosity  and  weakness  at  the  joints.     The  electric  arc  process 

uses  a  flux  in  the  form  of  a  coated  metal  electrode  for  steel 

Mrelding,  with  that  same  thought  in  mind.     I  cannot  quite  see 

how  a  good  weld  can  be  made  in  an  iron  casting  with  steel 

as  a  filler  rod  without  some  attempt  being  made  to  eliminate 

the  oxide.    The  fact  that  the  arc  is  hot  enough  to  melt  the 

oxides  does  not  necessarily  mean  that  the  weld  will  be  a  good 

one,  because  the  oxides  will  melt  in  with  the  pure  iron  and 

leave  a  porous,   hard   weld. 

In  paragraph  3,  page  494,  the  first  sentence  reads,  "The 
attractive  feature  of  this  class  of  work  is  that  it  may  be  accom- 
plished without  preheating  the  casting"  (referring  to  the  weld- 
ing of  gray  iron).  In  the  fifth  paragraph  it  is  recommended 
that  the  operator  should  hesitate  in  his  welding,  taking  only 
about  20  per  cent  of  the  time  for  each  operation,  in  order  to 
permit  the  heat  to  be  distributed  throughout  the  locality  of  the 
weld.  I  would  like  to  ask  if  that  would  not  mean  preheating  in 
order  to  avoid  shrinkage  cracks  as  the  result  of  the  distribution 
of  tlie  heat  throughout  the  casting? 

Mr.  Kinkead. — The  application  of  the  metal  electrode 
without  preheating  is  an  effort  to  do  the  work  cheaper  than  it 
can  be  done  by  the  oxyacetylene  or  with  the  carbon  arc.  If  we 
preheat  the  casting,  we  can  use  either  the  gas  process  or  the 
carbon  electrode  process  and  fill  in  cast  iron.  The  job  obtained 
following  that  practice  will  be  better  when  it  is  properly  done 
than  if  the  job  is  done  with  the  steel  electrode,  metal  electrode 
process,  because  you  are  filling  in  the  same  kind  of  metal,  prob- 
ably a  metal  of  higher  grade  than  the  metal  of  the  original 
cast  iron.  But  such  a  practice  is  quite  expensive,  and  in  pur- 
suing this  practice  of  using  the  metal  electrode,  we  are  trying 
to  do  the  same  job  at  enormously  lower  cost.  There  are  some 
castings  which  have  been  repaired  by  the  metal  electrode  process 
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without  preheating  which,  had  they  been  repaired  by  preheating 
and  welding  with  the  carbon  arc  or  gas,  would  have  been  done 
at  a  prohibitive  cost.  We  are  dealing  with  an  economic  propo- 
sition rather  than  a  technical  one. 

In  regard  to  the  use  of  flux,  the  best  answer  that  I  know 
of  is  to  observe  the  conditions  and  see  the  character  of  the  line 
of  fusion  obtained,  using  ordinary  bare  wire.  It  is  not  true 
that  in  the  metal  electrode  welding  we  use  flux.  Probably 
not  5  per  cent  of  the  metal  electrode  welding  now  performed 
in  the  country  is  being  done  with  covered  electrodes.  The  tem- 
perature is  so  high  that  the  oxide  gets  clear  to  the  top  in  a 
very  short  length  of  time.  We  do  get  some  oxide  in  the  metal ; 
we  get  the  metal  oxidized  in  steel  welding.  Under  commercial 
conditions,  even  with  the  best  covered  electrodes  we  are  able 
to  obtain  we  get  oxidation  and  we  do  not  get  an  appreciable 
degree  of  ductility  in  the  metal  deposited  in  the  weld,  so  that 
the  use  of  flux  up  to  the  present  time  has  not  been  practical. 
It  has  been  an  experimental  proposition,  and  the  use  of  flux 
has  not  justified  itself  on  economic  grounds. 

Mr.  W.  D.  Sperry. — Is  it  not  true  that  cast  iron  must  be 
welded  quickly? 

Professor  Kinsey. — I  believe  that  it  is  not  true  that  any 
metal  should  be  welded  in  the  quickest  possible  time.  From  a 
metallurgical  standpoint  that  is  not  the  correct  way  to  weld. 
This  applies  to  cast  iron  and  to  steel,  which  it  is  sometimes 
claimed  should  be  welded  as  quickly  as  possible  to  avoid  expan- 
sion. We  know  that  the  result  of  welding  under  conditions 
where  the  speed  is  too  fast  is  a  crystalized  brittle'  joint.  We 
also  know  that  where  it  is  absolutely  necessary  to  prevent 
expansion  and  the  resultant  shrinkage  of  a  piece  of  steel,  the 
arc  weld  will  heat  up  the  metal  fast  enough  to  accomplish  a 
fusion  of  the  joints  without  such  expansion. 

The  Chairman,  Mr.  W.  R.  Bean. — For  the  past  year 
and  a  half  we  have  been  conducting  experiments  in  the  welding 
of  standard  test  bars  as  produced  in  malleable  iron.  We  have 
succeeded  in  getting  within  10  per  cent  of  the  original  tensile 
strength  of  the  metal  in  a  ^-inch  diameter  bar,  welded  in 
malleable  iron.     Tests  have  shown  just  under  45  pounds  on  a 
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companion  bar  showing  about  40,000  or  50,000  pounds  as  pro- 
duced. We  have  carried  on  the  process  under  both  the  electric 
and  the  oxyacetylene  method.  We  do  not  use,  in  the  bars 
which  have  given  us  the  best  results,  the  steel  rod,  but  use 
a  rod  of  our  own  make  which  is  essentially  the  composition 
of  the  original  material,  allowing  something  for  oxidatiort.  We 
weld  in  the  hard  iron  state  and  in  the  annealed  state,  and  in 
malleable,  putting  the  castings  through  the  regular  process. 
The  reason  a  weld  cannot  be  produced  in  malleable  that  is 
machinable  except  in  the  very  outer  surface,  is  this:  The  ex- 
treme outer  surface  of  the  malleable  castings  is  essentially  that 
of  a  low  carbon  steel,  as  far  as  carbon  content  is  concerned, 
and  that  is  the  controlling  factor.  If  your  sections  were 
uniform  throughout,  you  could  weld  without  difficulty.  The 
center  is  a  high  carbon  content  producing  the  carbon  content 
of  gray  cast  iron.  When  you  heat  that  by  any  welding  process, 
to  the  fusion  temperature,  the  carbon  which  is  in  the  graphitic 
or  tempered  form,  goes  back  into  the  solution  with  the  iron 
and  you  get,  for  an  area  surrounding  the  point  of  weld,  a 
composition  essentially  that  of  the  original  white  iron  casting. 
Therefore,  if  an  annealed  casting  is  welded  where  strength 
is  of  any  importance  or  where  machining  qualities  are  involved, 
it  must  at  the  same  time  be  reannealed,  else  you  have  not  a 
safe  proposition.  The  danger  is  still  there,  in  this,  that  unless 
extreme  care  is  used,  you  get  an  oxidation  which  may,  even 
though  you  have  had  the  proper  welding  material,  give  you  a 
weld  that  is  not  machinable  and  that  is  hard  and  brittle. 
A  break  cannot  be  welded  unless  it  is  burned  down  or  V'd  so 
that  you  can  fill  up  to  the  original  surface.  If  that  is  done, 
you  can  weld,  but  I  am  not  willing  to  suggest  to  any  one  in 
the  malleable  iron  industry  that  they  weld  castings  and  send 
them  to  their  customers,  except  that  the  welding  be  done  in 
parts  where  no  particular  strain  comes  in  service.  It  is  prac- 
tical to  do  it  and  it  is  being  done  by  a  very  considerable  number 
of  malleable  foundries.  There  are  two  fields  for  welding,  in 
my  judgment;  one  in  castings  which  are  commercially  produced, 
and  the  other  in  the  repair  of  parts  broken  by  accident  or 
otherwise. 
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Mr.  Ballard. — I  would  like  to  ask  if  any  cutting  tests  have 
been  conducted  beyond  9  inches  in  thickness  with  calorene? 

Professor  Kinsey. — Not  in  these  particular  tests,  but  I 
call  to  mind  castings  of  11 -inch  steel  which  showed  cutting 
results  equivalent  to  these.  We  have  no  hesitancy  about  run- 
ning into  the  thicker  metals,  but  the  feeling  was  that  what 
could  be  done  with  9-inch  would  supply  sufficient  data  for  any 
foundry  or  shipyard.  It  is  well  known .  that  acetylene  does 
begin  to  drop  in  efficiency  as  a  cutting  gas  at  8  or  10  inches 
of  thickness  of  metal,  and  that  metals  have  been  cut  up  to 
about  30  inches  of  thickness  is  true. 

The  principle  of  cutting  with  the  oxyacetylene  torch  is 
that  of  burning  or  chemical  oxidation.  The  pure  iron  in  the 
wrought  iron  or  steel  is  ignited  and  then  it  burns  fast  enough 
to  send  its  heat  on  ahead,  burning  on  through  as  coal  would 
burn  in  a  fire.  Once  started  the  cutting  may  be  continued 
with  only  the  oxygen  and  without  the  ignition  gas.  But  this 
requires  that  the  operator  shall  hold  his  .hand  perfectly  steady 
as  it  moves  along  and  the  path  of  his  torch  must  not  be  diverted 
or  the  fire  will  go  out.  This  is  a  striking  illustration  of  oxida- 
tion of  metal  and  it  is  used  by  engineering  schools  like  Stevens 
Institute  of  Technology,  where  all  the  students  are  given  a 
course  in  oxyacetylene  welding  of  metals.  Of  course  the  trou- 
ble is  that  the  workman  cannot  hold  his  hand  steady  enough 
to  keep  the  torch  in  line,  and  the  moment  he  wavers  he  has 
to  relight  the  fire.  To  avoid  that  he  keeps  a  little  flame  going 
with  the  gas;  that  is  why  we  need  acetylene  or  some  other 
ignition  gas.  The  reason  why  we  can  cut  low  carbon  steel 
is  that  the  melting  temperature  of  the  oxide  in  the  steel  is  so 
low  that  it  melts  first,  then  drops  out  of  the  way  and  leaves 
the  pure  iron  to  bum  as  fuel.  The  reason  why  it  is  easy 
to  get  the  oxide  out  of  the  way  is  because  the  percentage  of 
carbon  is  low  in  low  carbon  steel,  running  about  0.15  or  0.20 
per  cent.  Now,  if  we  go  to  a  steel  which  is  called  "high  car- 
bon," that  is,  tool  steel  of  anywhere  from  0.80  to  1.10  per  cent 
carbon,  it  contains  so  much  carbon  that  it  retards  the  melting 
of  the  oxide,  and  we  cannot  get  it  out  of  the  way. 
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Report  of  Committee  on  Promotion 
and  Membership 


This  committee  was  appointed  by  A.  O.  Backert,  president, 
subsequent  to  the  last  meeting  of  the  board  of  directors. 

The  committee  met  in  Cleveland,  May  13,  at  the  time 
of  a  meeting  of  the  exhibit  committee.  All  the  possible  ways  of 
reaching  those  foundrymen  not  members  of  this  association 
were  thoroughly  discussed.  While  each  member  was  left 
free  to  use  that  method  by  which  he  could  reach  those  in 
his  territory,  or  with  whom  he  came  in  contact  in  person,  or 
by  a  representative,  it  was  thought  best  to  concentrate  the 
clerical  and  office  work,  as  well  as  expense,  in  our  headquarters 
office  in  Chicago.  From  there  it  was  decided  to  send  out  a 
series  of  letters,  to  be  signed  by  all  members  of  the  committee, 
setting  forth  as  briefly  and  as  convincingly  as  possible,  the 
various  activities  of  the  association,  and  the  very  numerous 
advantages  to  be  derived  by  members  who  will  avail  them- 
selves of  their  privileges. 

The  association's  aims  are  altruistic,  and  the  impression 
of  "selling,"  or  "self-seeking/*  on  our  part,  was  to  be  dis- 
tinctly dispelled  and  avoided.  The  committee  prepared  three 
letters,  sent  out  about  July  21,  August  10  and  Sept.  15, 
respectively.  Copies  of  these  letters  are  attached  to  this  report. 
The  applications  received  and  approved  by  the  board  of 
directors  for  July  were  35  and  for  August  39,  total  to  Sept. 
1.  74. 

The  committee  plans  an  active  personal  campaign  during 
convention  week.  There  will  be  a  booth  at  the  registration 
desk  from  which  membership  activities  will  be  conducted  and 
applications  received. 

Each  nonmember  who   registers  will  receive  a  neat  card 

or  folder,  explaining  our  purposes  and  conveying  an  invitation 

"^o  be  an  active  member  in  a  real  sense,  is  to  live 
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more  abundantly  and  extend  the  knowledge  and  usefulness  of 
the  individual  and  the  institution  that  he  serves. 

To  this  end  we  dedicate  ourselves  that  American  foundry- 
men  shall  not  have  failed  to  receive  knowledge  of  our  activities 
and  assurances  of  cordial  wekome,  should  they  choose  our 
association. 

Respectfully  submitted, 

V.  E.   MiNICH, 

H.  R.  At  WATER, 
W.  A.  Janssen, 
B.  D.  Fuller, 
S.  T.  Johnston, 
Alfred  E.  Howell,  Chairman. 

FIRST  LETTER  JULY  21,  1919 

We  who  write  you  this  letter  were  appointed  a  committee  by 
President  A.  O.  Backert  of  the  American  Foundrymen's  Association, 
to  invite  you  into  our  counsels. 

In  these  days  it  happens  that  already  some  of  us  belong  to 
too  many  organizations,  and  we  are  trying  to  reduce  such  activities 
rather  than   to  increase   them. 

If  you  fed  that  way  you  arc  not  different  from  ourselves, 
but  we  also  ascribe  to  you  the  same  discriminating  wisdom  which 
we  profess  in  choosing  what  it  is  most  important  that  we  should 
have.  Being  in  the  foundry  business  there  are  some  things  about 
which  you  know  there  is  no  choice. 

The  technical  side  of  your  business  must  be  held  abreast  of  the 
best  modern  practice.  Social  questions,  labor  questions,  matters  of 
general  economic,  financial,  or  political  import,  questions  involving 
differences  of  opinion  or  policies  that  have  to  do  witfi  the  personal 
equation,  all  of  these  you  may  side-step;  leave  to  the  general  good 
sense  of  society,  or  get  into  the  thick  of,  just  as  you  elect,  on  these 
we  make  no  comment.  But  the  technical  side  of  your  business?  Ah  I 
that  is  different!  There  is  never  a  quarrel  about  a  matter  definitely, 
scientifically  ascertainable,  i.  e.,  there  has  not  been  since  the  Middle 
Ages. 

Being  certain  that  you  are  decidedly  interested  in  the  technical 
end  of  your  business,  we  say  that  the  American  Foundrymen's  Asso- 
ciation is  most  wonderfully  planned  to  give  to  each  of  its  members 
just  that!  The  results  of  technical  research  by  those  most  successful 
in  the  industry  are  made  concrete  and  definite  in  the  exhibits,  are 
permanently  available  in  the  bound  volumes  of  Proceedings. 
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The  activities  of  the  Association  are  briefly: 


THE  CONVENTION     1. 

held 

around  October         2. 
first 


in  one  of  the 
large 


cities    between 


Boston 


3. 


Technical    Research.  [sions. 

Presentation   of   Papers   and    Discus- 
Activities   of   Committees. 
Personal  acquaintance  and  conversa- 
sations   with   men    who   know   and 
do.     Many  valuaible  ideas  are  con- 
veyed in  hours  of  aflFabfle  and  easy 
interchange   of  experiences. 
Plant   Visitation. — The   annual   meet- 
ings   are    held    in    large    industrial 
centers.      This    is    made    the    more 
necessary  as  only  exceptional  cities 
have   adequate    hotel   facilities   and 
suitalble     buildings     to     house     the 
magnificent  Exhibit 
The   Exhibit. — This   comprises   every 
tool,     machine,     appliance,     supply 
or  accessory  useful  to  the  foundry- 
man.     It  is  a  living,  moving  gath- 
ering of  the  real  things  having  to 
do  with  your  business,  and  a  man 
right    there    to    explain    each. 
The    Bound    Volumes    of    the    Pro- 
ceedings, thus  making  a  great  fund 
of    information     quickly    and    per- 
manently available. 

We  have  made  up  a  list  of  a  limited  number  of  foundrymen  to 
whom  we  are  sending  this  invitation.  We  feel  that  you  particularly 
will  appreciate  the  American  Foundrymen's  Association. 

We  enclose  for  your  convenience,  application  blank  which  you 
may  sign  and  forward  to  Secretary  Hoyt. 

We  will  greatly  appreciate  your  favorable  response. 
Yours  very  sincerely, 
Benj.   D.  Fuller, 

V.    E.    MiNICH, 

S.  T.  Johnston, 
H.  R.  Atwater, 
W.  A.  Janssen, 
Alfred  E.   Howell,   Chairman, 

(Please  file  this  letter  in  a  special 
fiHe  marked,  "American  Foundry- 
men's  Association,  1919") 


and  Minneapolis         4. 


5. 


SECOND     LETTER,     AUGUST     10,     1919 

Dear  Sir: 

The  responses  to  our  letter  of  July  21,  to  which  we  ask 
you  to  please  refer,  have  been  numerous  and  generous.  When 
we    say    generous,    we    mean    in    their    own    interest.      In    but    few 
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cases    was    our    invitation     to    join    the    American     Foundrymen's 
Association  mistaken  to  be   self-seeking  on  our  part. 

In  renewing  this  invitation  we  remind  you  that  we  realize 
how  easily  new  ideas  are  swept  asdde,  or  are  left  in  the  eddy  of 
the  busy  current  of  daily  affairs. 

Secretary  Hoyt  informs  us  that  the  very  large  space  at  die 
coming  Philadelphia  Convention  and  Exhibit  is  oversubscribed,  and 
efforts  are  being  made  to  induce  large  space  holders  to  economize, 
that    others    may   be    allowed    a    share. 

We  wish  now  to  particularly  emphasize  the  first  group  of 
activities  of  the  Association,  given  in  our  letter  of  July  21,  viz., 
"Technical  Research",  "Papers  and  Discussions."  Please  keep 
in  mind  that  the  technicall  questions  discussed  are  such  as  are 
raised  by  the  membership.  As  a  member,  you  not  only  have  the 
right,  but  you  are  requested  to  bring  forward  prolblems  that 
interest  you  or  have  worried  you,  and  you  may  have  them 
thrashed  out  in  the  open,  by  the  brightest  minds  in  the  practical 
end    of    the    business. 

The  Papers  Committee  are  now  far  advanced  in  their  work 
for  this  year.  Formal  preparation  for  some  specific  subject  sug- 
gested by  you  it  may  be  rather  late  to  expect.  But  the  men  will 
be  there,  who  have  experienced  and  weathered  and  mastered  the 
very  points  that  may  now  vex  you.  You  can,  you  should,  meet 
and    know    them. 

Man  is  a  gregarious  animal,  and  being  such  he  can  only 
be  happy  and  grow  in  the  company  of  his  fellows  with  kindred  in- 
terests. Will  you  not  sign  and  mail  the  enclosed  application  to 
Secretary  Hoyt? 

With    best    wishes,    we    are 

Very    sincerely    yours, 
H.   R.  Atwater, 
W.  A.  Janssen,. 

V.    E.    MiNICH, 

Benj.    D.    Fuller, 
S.   T.   Johnston, 
Alfred   E.   Howell,   Chairman, 
(Note:   Please   file   in   a   special   file 
marked    "American    Foundrymen's 
Association.") 


THIRD  LETTER  SEPTEMBER  15,   1919 

Dear  Sir: 

The   meeting  time  of   the   American  Foundrymen's    Association 

in  Philadelphia,  is  rapidly  approaching.  Why  not  be   with   us  this 

year   and   profit   by    full    fellowship   nowf  There    is    much    in    store- 
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many  English,  French,  Belgian,  Scotch,  Welsh,  Irish,  and  other 
foreign  foundrymen  wiH  be  there.  If  they  come  so  far,  surely  we 
Americans  should  appreciate  our  own.  Can  it  indeed  be  true  that 
*'a  prophet  is  not  without  honor  save  in  his  own  country"? 

Please  refer  to  our  letter  and  invitation  of  July  21,  items 
three,  four  and  five,  which  we  now  "wish  to  emphasize. 

"Plant  Visitation"— What  greater  privilege?  The  Philadelphia 
Committee  have  made  special  plans  for  our  members. 

"The  Exhibit"— The  greatest  gathering  together  of  all  the 
materials  and  applHances  used,  that  has  ever  be«n  attempted  any- 
where for  Foundrymen.  If  you  are  "progressive,"  it  will  save  you 
many  thousands  of  miiles  of  travel  to  see  here  the  total  of  foundry 
equipment,  under  one  roof,  and  the  varieties  subject  to  quick 
comparison. 

Remember,  please,  that  if  you  are  too  busy  seeing  and  meet- 
ing and  hearing,  to  read,  that  the  reading  is  reserved  for  members 
in    Bound  Volumes,   to   digest  at  your  leisure. 

We  cannot  say  all,  without  the  risk  that  you  will  not  read: 
"A  word  fitly  spoken,  is  like  apples  of  gold  in  pictures  of  silver." 
(Proverbs  XXV-11.)     We  hope  this  conveys  a  nugget  to  you. 

Will  you  not  send  your  application  to  Secretary  Hoyt? 
History  is  being  made  rapidly  now.  Save  a  year!  We  renew 
our  invitation,  and  will  greatly  appreciate  your  favorable  response. 

Yours   very    sincerely, 

H.   R.  Atwater, 
W.  A.  Janssen, 

V.    E.    MiNICH, 

Benj.    D.    Fuller, 
S.   T.   Johnston, 
Alfred    E.    Howell,   Chairman. 
(Note:   Please   file   in   a   special   file 

marked   "American    Foundrymen's 

Association.")  • 
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ment Manufacturers'  Association 

By  Franklin  G.  Smith,  aeveland 

One  of  the  good  things  that  came  out  of  the  war  was  the 
closer  bond  which  is  bringing  the  different  peoples  of  the 
earth  nearer  together.  Fortunately  the  result  of  the  war  in 
this  respect  was  not  confined  to  bringing  nations  nearer  together, 
but  it  also  affected  some  of  us  who  are  a  little  more  closely 
connected  in  the  common  things  of  life  here  at  home.  The 
first  time  that  the  foundry  equipment  manufacturers  as  a  whole 
had  an  opportunity  to  get  together  and  discuss  their  own  mat- 
ters was  at  the  solicitation  of  the  chamber  of  commerce  of  the 
United  States  when  that  body  was  attempting  to  organize  the 
war  service  committee.  That  was  just  a  year  ago,  and  our 
first  get-together  was  at  Milwaukee.  We  did  not  accomplish 
much  before  the  armistice  was  signed,  but  when,  at  a  wonder- 
ful meeting  at  Atlantic  City,  it  was  suggested  that  the  com- 
mittees and  the  associations  which  had  been  formed  should  be 
continued,  we  said  "All  right,  let's  be  patriotic  in  this  too." 
Therefore  the  equipment  manufacturers,  or  rather  the  war 
service  committee  of  the  equipment  manufacturers  held  a 
general  meeting  in  February,  which  resulted  in  organizing 
the  Equipment  Manufacturers'  association. 

We  believe  that  that  which  hurts  any  one  manufacturer 
in  the  industry  hurts  us  all,  and  that  which  helps  one  ultimately 
helps  us  all.  We  further  believe  that  anything  and  everything 
which  helps  our  customers,  the  foundrymen  who  buy  foundry 
equipment,  to  get  better  results  and  to  make  more  money 
from  the  operation  of  equipment  bought  from  any  of  our 
members,  will  ultimately  help  each  one  of  us  as  individual 
manufacturers,  and  we  are  proceeding  on  that  basis. 

We  aim  to  get  such  co-operation  from  all  of  our  repre- 
sentatives thai,   whenever  any   one   of   them   discovers   a  piece 
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of  idle  equipment  or  equipment  which  is  not  giving  proper 
sen'ice,  he  will,  even  though  it  be  the  product  of  his  most 
aggressive  competitor,  render  any  service  which  he  can  to 
overcome  the  difficulty.  If  a  mere  suggestion  is  all  that  is 
necessary,  it  should  be  forthcoming.  If  the  case  requires 
personal  attention  on  the  part  of  the  maker,  the  representative 
will  communicate  with  his  own  house,  suggesting  that  the 
house  in  turn  take  up  the  matter  with  the  manufacturer  of  the 
equipment  suggesting  that  personal  attention  would  be  to  his 
advantage,  and  incidentally  to  the  advantage  of  the  foundry 
equipment  industry.  Every  piece  of  idle  foundry  equiinnent 
around  a  plant  hurts  the  equipment  industry,  and  because  it 
hurts  the  industry  we  are  going  to  try  to  help  foundrymen 
to  get  the  maximum  production  and  the  greatest  measure  of 
satisfaction  from  it.  As  Mr.  Minich  said  last  night,  if  any  of 
us  have  anything  we  cannot  go  out  and  root  for  with  enthu- 
siasm and  confidence,  we  owe  it  to  ourselves,  to  the  industry 
and  to  the  foundrymen,  to  mark  it  oflF  the  list  and  only  sell 
that  which  will  stand  up. 

We  are  definitely  planning  to  reach  the  men  inside  the 
plant  with  bulletins  containing  real  helpful  information  on  the 
care  and  operation  of  foundry  equipment.  There  will  be  no 
advertising   and    no    propaganda    connected    with    this    service. 

To  Advise  on  Care  of  Equipment 

Roger  Babson  has  given  us  what  really  is  the  ideal  of 
our  association.  He  says,  in  speaking  of  general  groups  of 
manufacturers,  that  thos>c  made  up  of  members  who  have  the 
right  spirit,  who  really  believe  that  confidence  reacts  as  con- 
fidence and  that  distrust  reacts  as  distrust,  that  what  we  do 
to  help  others  helps  ourselves  and  what  we  do  to  harm  others 
harms  ourselves;  "such  associations  are  very  successful,  other- 
wise they  do  not  work.  If  an  association  among  competitors 
is  to  do  any  real  good,  there  must  be  something  in  it  besides 
an  organization,  a  secretary  and  a  full  treasury ;  there  must 
he  a  real  interchange  in  the  hearts  of  the  members." 

I  think  some  real  progress  is  being  made  in  that  direction 
by  the  Foundry   Equipment    Manufacturers*   association. 


Digitized  by  VjOO^ IC 


The  Registered  Attendance 

The  following  members  registered  their  attendance  at  the  annual 
meeting  of  the  American  Foundrymen's  Association,  Inc.,  held  at  Phila- 
delphia,  Pa..   September  29  to   October   3,   1919: 

Abbott,  G.  W.,  superintendent,  pipe  shop,  Glamorgan  Pipe  &  Foundry 
Co.,  Lynchburg,  Va. 

Abbott,  J.  M.,  sales  department,  Pangborn  Corp.,  Hagerstown,  Md. 

Abbott,  M.  T.,  vice  president,  Stevenson  Co.,  Wellsville,  O. 

Abell,  Fred  A.,  superintendent,  Aluminum  Castings  Co.,  Cleveland. 

Aborn,  George  P.,  manager,  Blake  &  Knowles  Works.  E.  Cambridge, 
Mass. 

AcHODE,  N.  C,  vice  president,  Phoenix  Iron  Works  Co.,  Meadville,  Pa. 

AcKERMAN,  A.  H.,  eastern  sales  representative.  Young  Bros.,  Detroit 
Mich. 

AcKWROYD,  J.  W.,  foreman,  T.  H.  Symington  Co.,  Rochester,  N.  Y. 

Adams,  L.  D.,  salesman,  S.  Obermayer  Co.,  Chicago. 

Adams,  R.  C,  manager.  Aluminum  Castings  Co.,  Cleveland. 

Adams,  W.  J.,  salesman.  S.  Obermayer  Co.,  Chicago. 

Adamson,  Robert,  superintendent,  Parrel  Foundry  &  Machine  Co.,  An- 
sonia,  Conn.  J 

Addie,  T.  a.,  vice  president,  American  Manganese  Bronze  Co.,  Phila- 
delphia. I 

Ahara,  E.  H,,  manager  of  manufacturing,  Dodge  Mfg.  Co.,  Mishawaka, 
Ind. 

Ahrens.  J.  F.,  eastern   representative,    The  Foundry,  Cleveland. 

Aigeltinger,  L.  W.,  manager,  Wrightsville  Hardware  Co.,  Wrights- 
ville,  Pa. 

Aiken,  H.  L.,  manager,  Crucible  Steel  Casting  Co.,  Cleveland. 

Aitken,  James,  Manufacturers  Foundry  Co..  Waterbury,  Conn. 

Alberts,  J.  C,  sales  engineer,  Cleveland  Osborn   Mfg.   Co.,  Cleveland. 

Aldrich,  Wm.,  salesman,  Metal  &  Thermit  Corp.,  New  York. 

Alexander,  John,  superintendent,  Harrison  Safety  Boiler  Works,  Phila- 
delphia. 

Allan,  G.  W.,  president,  Allan  &  McKelvie  Engineering  Co.,  Vancouver, 
B.  C. 

Allbright,  W.  a.,  district  sales  engineer,  Pangborn  Corp.,  Hagerstown, 
Md. 

Allison,  Andrews,  general  (oreman.   National   Malleable  Castings   Co.. 

Allo,  G.  Fred,  foreman,  Canadian  Pacific  Railway  Co.,  Montreal,  Can- 
ada. 

Almud,  F.  B.,  manager,  Springfield  Facing  Co.,  Springfield,  Mass. 

Alpin,  Edward,  manager  service  section,  Chicago  Pneumatic  Tool  Co., 
Chicago. 

Alson,  G.,   foreman,   Illinois   Malleable   Iron   Co.,  Chicago. 

Alten,  Geo.  H.,  manager,  Altens  Foundry  &  Machine  Co.,  Lancas- 
ter, O.  ,' 

Amon,  J.  H.,  president.  Monarch  Foundry  Co.,  Detroit. 

Anderson,  E.  F.,  salesman,  Norton  Co..  Worcester.  Mass. 

Anderson,  James,  superintendent  Bethlehem  Ship  Building  Corp.,  Eliza- 
beth, N.  J. 

Anderson,  John  T.,  superintendent,  Davenport  Machine  &  Foundry 
Co.,  Davenport,  Iowa. 

Anderson,  Niles,  president,  Debevoise- Anderson  Co.,  New  York. 
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Andresen,  a.  C,  manager,  service  department,  Chicago  Pneumatic  Tool 
Co.,   Chicago. 

Andrew,  S.  A.,  general  manager,  Fisher  &  Norris,  Trenton,  N.  J. 

Andrews,  C.  E.,  manager.  Whitehead  Bros.  Co.,  Providence,  R.  I. 

Armour,  Jas.  J.,  foundry  superintendent,  Studebaker  Corp.  of  America, 
South  Bend,  Ind. 

Armour,  J.  S.,  general  manager,  The  Hausfeld  Co.,  Harrison,  O. 

Armstrong,  C.  P.,  publicity  agent,  Link  Belt  Co.,  Philadelphia. 

Arnold,  H.  L.,  secretary  and  treasurer,  Terre  Haute  Malleable  &  Mfg. 
Co.,   Terre  Haute,  Ind. 

Arnot,  H.  v.,  superintendent  Strong  Steel  Foundry  Co.,  Buffalo. 

AsPERRY,  J.,  secretary,  Munnsville  Plow  Co.,  Munnsville,  N.  Y. 

Atwater,  H.  R.,  vice  president,  Cleveland-Osborn  Mfg.  Co.,  Cleveland. 

Aubrey,  T.  J.,  purchasing  agent.  Manufacturers  Foundry  Co.,  Water- 
bury,  Conn. 

AvEY,  D.  M.,  associate  editor,  The  Foundry,  Cleveland. 

Ayers,  E.  M.,  general  manager,  Interstate  Sand  Co.,  Zanesville,  O. 


Backert,  a.  O.,  vice  president  and  general  manager,  Penton  Publishing 

Co.,  Cleveland. 
Bacon,  Chas.  C,  secretary,  Ross  Tacony  Crucible  Co.,   Philadelphia. 
Baden,  Louis,  superintendent  Niles  Tool  Works,  Hamilton,  O. 
Baer,  Chas.  F.,  Pilling  &  Crane,  Philadelphia.  * 

Baillot,  Alvhonsv:,  superintendent,  Hull  Iron  &  Steel   Foundries,  Ltd., 

Hull,  Que.,  Canada. 
Baird,  W.  Ed.,  manager  foundry  department,  American  Gum   Products 

Co.,  New  York.  » 

Baker,  D.  G.,  consulting  engineer,  Abendroth  Bros.,  Port  Chester,  N.  Y. 
Baker,  J.   E.,   engineer,   Westinghouse,   Church,   Kerr   Co.,   New   York. 
Baldwin,  R.  L.,  United   States  Steel  Corp.,  New  York. 
Ball,  W.  H.,  Jr.,  superintendent,  Morgan  Engineering  Co.,  Alliance,  O. 
Ballard,   Egbert    H.,    superintendent    steel    foundries,    General    Electric 

Co.,  Lynn,  Mass.  • 

Bannister,  Horace.  Geo.  Oldham   Son  &  Co.,   Philadelphia. 
Barber,  Wm.  H.,  chief  patternmaker.  Brown  &  Sharpe  Mfg.  Co.,  Provi- 
dence, R.  I.  I 
Barendt,  Fred   A.,   general    foreman,    Hooven,   Owens,    Rentschler    Co.; 

Hamilton,  O.  .  , 

Barker,  Chas.  M.,  district  manager,  The  S.  Obermayer  Co.,  St.  Louis. 
Barker,  John  A.,  The  S.  Obermayer  Co.,  Pittsburgh. 
Barlow,   Arthur   E.,    secretary   and    treasurer,    Barlow    Foundry,    Inc., 

\Newark,  N.  J. 
Barnes,  A.  J.,  director  of   publicity,    Shepard    Electric   Crane   &   Hoist 

Co.,  Montour  Falls,  N.  Y. 
Barnes,  Robert  J.,  salesman,  Whiting  Foundry  Equipment  Co.,  Harvey, 

III. 
Bark,  H.  E.,  manager  sales,  promotion  department,  The  Iron  Age,  New 

York. 
Barrows,  W.  A.,  Jr.   president,   Thomas    Iron   Co.,    Hokendauqua,   Pa. 
Bartels,  W.  a.,  mechanical  engineer,  General  Electric  Co.,  Erie,  Pa. 
Bartlett,  E.  R.,  foreman,  Oil  Well   Supply  Co.,  Oil  City,   Pa. 
Basch,  D,  research  engineer,  General   Electric  Co.,   Schenectady.   N.  Y. 
Bashline,  J.  M.,  secretary.  Star  Drilling  Machine  Co.,  Akron,  O. 
Bassett,  W.  H.,  superintendent  American   Brass  Co.,  Waterbury,  Conn. 
Bassini,  L.  M.,  superintendent,   Burnside   Steel   Co.,  Chicago. 
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Bastedo,  a.  E.,  manager  boiler  department.  Lord  &  Burnham  Co.,  Irv- 
ington,  N.  Y. 

Batten,   G.   C,    foundry   superintendent.    Lunkenheimer    Co.,    Cincinnati. 

Battenfeld,  C.  F.,  Michigan  manager,  The  United  States  Molding  Ma- 
chine Co.,  Cleveland. 

Battenfeld,  J.  L.,  sales  manager,  The  United  States  Molding  Machine 
Co.,  Cleveland. 

BATTENFEr.D,  J.  N.,  president,  The  United  States  Molding  Machine  Co., 
Cleveland.  • 

Bauer,  Fred  W.,  salesman,  Rogers  Brown  &  Co.,  Cincinnati. 

Baur,  C.   S.,  advertising  manager,   The   Iron   Age,  New   York. 

Baxtfji,  D.  D.,  salesman,  E.  J.  Woodison  Co.,  Rochester,  N.  Y. 

Bayer,  John,  salesman,   Federal   Foundry  Supply  Co.,  Cleveland. 

Bean,  W.  R..  research  department.  Eastern  Malleable  Iron  Co.,  Nauga- 
tuck.  Conn. 

Beatty,  William  G.,  production  manager,  Beatty  Bros.,  Ltd.,  Fergus, 
Ont.,  Canada. 

Beck,  S.  J.,  superintendent  foundry,  Pusey  &  Jones,  Wilmington,  Del. 

Bedworth,  Robert  E.,  metallurgist,  Westinghouse  Electric  &  Mfg.  Co., 
Pittsburgh.  i 

Beebe,  E.  p.,  treasurer.  The  Iron  Age,  New  York. 

Beesting,  N.  J.,  demonstrator,   Norton  Co.,  Worcester,  Mass. 

Beherns,   H.   R.,   foreman,   Henry   E.    Pridmore,    Chicago. 

Beherns,  Paul,  foreman,   Utica  Heater   Co.,  Utica,  N.  Y. 

Beihl,  C.  W.,  superintendent  Center  Foundry  &  Machinery  Co.,  Wheel- 
ing, W.  Va. 

Beirne,  John,  manager  business  promotion  and  advertising,  Bullard 
Machine    Works,    Bridgeport,    Conn. 

Beles,  Joseph  O.  T.,  (ieo.  Oldham  Son  &  Co.,  Philadelphia. 

Bell,  Daniel,  foreman  foundry,  Dominion  Coal  Co.,  Ltd.,  Glace  Bay, 
N.    S. 

Bell,   F.   H..  editor,  MacLean   Publishing  Co.,   Toronto,  Can. 

Bell,   M.   A.,   St.   Louis   manager,   E.   J.   Woodison   Co.,    St.   Louis. 

Bell,  Richard  S..  foreman.  New  Jersey  Zinc  Co.  of  Pennsylvania, 
Palmerton,   Pa. 

Bement,  R.  E.,  engineer.  Novo  Engine  Co.,  Lansing,  Mich. 

Bendixen.  p..  general  superintendent,  Bettendorf  Co..  Bettendorf,  Iowa. 

Benham,  W.  D.,  salesman,  Rogers,  Brown  &  Co.,  Philadelphia. 

Bennett,  T.  Ben,  foundry  superintendent,  Maxwells,  Ltd.,  St.  Marys, 
Ont.,   Cffnada. 

Bennett,  William  B.,  production  engineer,  Union  Steel  Casting  Co., 
Pittsburgh. 

Bentley,  W.   D.,  general   superintendent,   Kinite   Co.,  Milwaukee. 

Berg,  C  .\.  F.,  braiich  manager,  T.  P.  Kelly  &  Co.,  Inc.,  Worcester. 
Mafs. 

Bergersen,  Ole  B.,  assistant  advertising  manager,  The  Iron  Age,  New 
York.  V 

Bergman.    R.,    planer.    Bethlehem    Shipbuilding    Corp.,    Elizabeth,    N.    J. 

Bettendorf.   E.   J.,   secretary,   Bettendorf   Co.,   Bettendorf,   Iowa. 

BiCKEY,  1'2mmett  H.,  property  manager,  Abram  Cox  Stove  Co.,  Phila- 
delphia. 

Biggerstaff,  James  W.,  superintendent  of  foundry,  American  Locomo- 
tive Co.,  Schenectady,  N.  Y. 

BiLTON,   C.   E.,    president,   Bilton    Machine   Tool    Co.,   Bridgeport,    Conn. 

Bjorkstedt,  William,  chemist,  Bavonnc  Steel  Casting  Co.,  Bayoiinc, 
N.  J. 
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Black,  David,  superintendent,  Estate  Stove  Co.,  Hamilton,  O. 
Blackmore,  William,  assistant  superintendent,  National  Malleable  Cast- 
ings  Co.,   Sharon,   Pa. 
Blackwell,    H     E.,    district    sales    manager,    Pickands,    Mather    &    Co., 

Cleveland. 
Blackword,  U.  F.,  vice  president,  Union  Steel  Casting  Co.,  Boston. 
Blais,  J.  S.,  vice  president  and  treasurer,  Pattin  Bros.  Co.,  Marietta,  O. 
Blake,  E.  E.,  agent,  Saco  Lowell  Shop,  Biddeford,  Md. 
Blanery,  Fred  J.,  melter,  Driver-Harris  Co.,  Newark,  N.  J. 
Bloom,  Edw.  B.,  Metal  &  Thermit  Corp.,  Pittsburgh. 
Blundell,   Fred,   secretary,   Taylor   &   Boggis    Foundry    Co.,   Cleveland. 
BocKENK^vMP,  Charles,  De  Kalb,  111. 
Boldermans.  Daniel,  sales  engineer,  Whiting  Foundry  Equipment  Co., 

Harvey.  III. 
Bonner,  Arthur,  treasurer,  Kutztown   Foundry  &  Machine   Co.,   Kutz- 

town,  Pa. 
BooNE,  C.  L.,  Consolidated  Press  Co.,  Hastings,  Mich. 
Booth,  Carl  H.,  vice  president.  Booth   Hall  Co.,   Chicago. 
Borgh.*rdt,  J.  H.,  Dayton  Steel  Foundry  Co..  Dayton,  O. 
BoRGNis,  E.  C,  International  Molding  Machine  Co.,  Chicago. 
Bortz,   Frank,   foreman.   Malleable   Iron   Fittings   Co.,   Branford,   Conn. 
Boschert,   R.   E.,   treasurer.   Dunning  &   Boschert    Press   Co.,    Syracuse, 

N.  Y. 
Boucher,  H    M.,  treasurer,  J.  W.  Paxson  Co.,  Philadelphia. 
Bourne,  R.  H,,  vice  president.  Whiting  Foundry  Equipment  Co.,  Harvey, 

111.  \ 

BouTON,  W.  S.,  purchasing  agent,   Clearfield   Machine   Shops,  Clearfield, 

Pa. 
BowEN,  Jesse  J.,  sales  engineer,  Pangborn   Corp.,   Hagcrstown.   Md. 
Bower.  C.  J.,  salesman,  .American   Manganese   Bronze  Co..   Philadelphia. 
Bowers,  William,  foreman,  American  Aluminum   Metal  Co.,  Irvington. 

N-  J- 
Bovd,  James,  foreman,  Moore  Bros.  Co.,  Elizabeth,  X.  J. 

Brack.  Edmund  D.,  department  superintendent,  Ajax  Metal  Co.,  Phila- 
delphia. 

Bradbttrn,   C.   a.,   service   man,   Oxweld   Acetylene  Co.,    Newark,   N.   J. 

BR.VDLEV,  W.  P.,  superintendent,  American  Bridge  Co.,  Arabridge,   Pa. 

Braid,  Arthur  F.,  sales  manager,   Metal  &  Thermit  Corp.,  New  York. 

Brandon,  M.   F.,   superintendent,  Graceton   Coke   Co.,   Graceton,   Pa. 

Br.\nt,  William  J.,   Pittsburgh. 

Br^\ucher,  p.  S.,  foundry  manager,  Philadelphia  &  Reading  Railway 
Co.,  Reading,  Pa. 

Bray,  John  W.,  sales  manager,  BuUard  Machine  Tool  Co.,  Bridgeport, 
Conn. 

Brwer,  Frank  N.,  president.  Co-operative  Foundry  Co.,  Rochester, 
N.  Y. 

Braver,  Walter  G..   Co-operative   Foundry   Co.,   Rochester,  N.  Y. 

Brecowsky,  Ivan   M..  consulting  engineer,  Chicago. 

Briggs.  W    C,   district  manager,   Shepard  Electric  Co.,  New   York. 

Brightnell,  J.  C,  salesman,  The  Ajax   Metal   Co.,   Philadelphia. 

Briton,  J.  J.,  service  man,  Oxweld  Acetylene  Co.,  Newark,  N.  J. 

Britten,   A.   J.,   foreman,   Capitol   F"oundry,    Hartford,   Conn. 

Brock  MAN,  Percy  A.,  superintendent  American  Car  &  Foundry  Co., 
Huntington,  W.  Va. 

Brooks,  Paul,  Philadelphia  manager.  Debcvoise-Anderson  Co.,  New 
York. 
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Brouch,  Edward  N.,  superititendent,   Kennedy   Foundry   Co.,   Baltimore. 

Brown,  A.  L.,  superintendent,  Star  Drilling  Machine  Co.,  Akron,  O. 

Brown.  Albert  M.,  Philadelphia  sales  manager,  Chicago  Pneumatic  Tool 
Co.,  Philadelphia. 

Brown,  Dan,  superintendent,  C.  R.  Bohn  Foundry  Co.,  Detroit. 

Brown,  H.  W.,  secretary.  Tabor  Mfg.  Co.,  Philadelphia. 

Brown,  James  A.,  superintendent,  Foster  &  Merriam,  Meriden,  Conn. 

Brown,  L.  K.,  secretary,  Interstate  Sand  Co.,  Zanesville,  O. 

Brown,  L.  Owen,  engineer,  Westinghouse,  Church,  Kerr  Co.,  New 
York. 

Brown,  William,  foreman,  Cleveland  Co-operative  Stove  Co.,  Cleve- 
land. 

Browne,  D.,  Stanley  G.  Flagg  Co.,   Philadelphia. 

Brunger,  H.  L.,  works  manager,  Aultman-Taylor  Machine  Co.,  Mans- 
field, O. 

Brunner,  Fred  J.,  secretary,  Hill  Brunner  Foundry  Supply  Co.,  Cin- 
cinnati. 

Bryan,  R.  J.,  mechanical  engineer,  .American  Steel  Foundries,  Pitts- 
burgh. 

Bryant,  R.  E.,  vice  president,  Jefferson   Union   Co.,   Lexington,   Mass. 

BucH,  J.  Earl,  sales  engineer,  Buch  Foundry  Equipment  Co.,  York,  Pa. 

BucH,  R.  S.,  president,  Buch   Foundry  Equipment  Co.,  York,   Pa. 

Buchanan,  J.  Scott,  Allegheny  Foundry  Co.,  Pittsburgh. 

Buckwalter,  Cuas.  F.  P.  assistant  sales  manager,  David  Lampson's 
Son  Co.,  Philadelphia. 

Budlong,  I.  J.,  sales  manager,  American  Wood  Working  Machine  Co., 
Rochester,  N.  Y. 

Bueating,  O.  W.,  Union  Switch  &  Signal  Co.,  Swissvale,  Pa. 

BuFANA,  5'RANK,  chief  electrician,  T.  H.  Symington  Co.,  Rochester, 
N.  Y. 

Bull,  R.  A.,  vice  president,  Duquesne  Steel  Foundry  Co.,  Coraopolis, 
Pa. 

Bullard,  S.  H.,  vice  president,  Bullard  Machine  Tool  Co.,  Bridgeport. 
Conn. 

Bunte,  Neal,  superintendent,  General  Chemical  Co.,  Pulaski,  Va. 

Burchard,  M.  H.,  industrial  representative,  Westinghouse  Air  Brake 
Co.,  Chicago. 

Burgen,  p.  H.,  foundry  superintendent,  Lane  Mfg.  Co.,  Montpelier,  Vt. 

Burger,  J.  A.,  machine  foreman,  American  Abrasive  Metals  Co.,  Irv- 
ington,  N.  J. 

Burke,  Patrick,  foreman,  A.  P.  Smith  Co.,  East  Orange,  N.  J. 

Burner,  Chas.  E.,  manager  boiler  department,  .Abram  Cox  Stove  Co.. 
Philadelphia. 

Burr,  Frank  H.,  director,  foreign  department,  Cleveland  Pneumatic 
Tool  Works,  Cleveland. 

Burr,  John  W.,  president,  Burr  &  Houston  Co..  Brooklyn,  N.  Y. 

BuRRiLL,  Wam^r  M..  loiciTian  coreroom.  Manufacturers  Foundry  Co. 
Waterbury,   Conn. 

BuscH,  J.  W.,  foundry  superintendent,  Chapman  Valve  Co.,  Springfield. 
Mass.  ' 

Buss,  Jacob,  foreman,  Albany  Foundry   Co.,   .Albany,  N.   Y. 

Byerlin,  E.  J.,  sales  engineer,  Cleveland-Osborn  Mfg.  Co.,   Cleveland. 
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Cairn^    Andrew,    superintendent,    pattern   department,    General    Electric 

Co.,  Pittsfield,  Mass. 
Caldwell.,  J.  C,  chemical  engineer,  Ludlow  Valve  Mfg.  Co.,  Troy,  N.  Y. 
Callendes,  a.  R.,  manager  Badger  Foundry  Co.,  Racine,  Wis. 
Callomon^  C.  B.,  foundry  superintendent,  Driver-Harrb  Co.,  Harrison, 

N.  J. 
Caixow,  W.  K.,  sales  manager,  Debevoise- Anderson  Co.,  New  York. 
Cambridge^  A.   E.,   salesman.   Sterling   Wheelbarrow   Co.,    Milwaukee. 
Camp,  Geo.  F.,  manager,  Waterbury  Casting  Co.,  Waterbury,   Conn. 
Campbell,  C.  M.,  West  Steel  Casting  Co.,  Cleveland. 
Campbell,  H.  L.,  metallurgist.   Industrial  Works.   Bay  City,   Mich. 
Campbell,   Johnston,    superintendent    Lehigh    Valley    Coal    Co.,    Drif- 

ton,  Pa. 
Campion,   E.   L,   superintendent,    Canadian    Steel    Foundries,    Montreal, 

Que. 
Cannon,  G.  L.,  representative,  Berkshire  Mfg.  Co.,  Cleveland. 
Cannon,  G.  W..  vice  president,  Campbell,  Wyant  &  Cannon   Foundry, 

Muskegon,  Mich. 
Carey,  James  A.,  resident  manager.  Hill  &  Griffith  Co.,  Pittsburgh. 
Carliss,  Oswald,  salesman.  Grimes  Molding  Machine  Co.,   Detroit. 
Carman,  E.  S.,  secretary,  Cleveland-Osborn  Mfg.  Co.,  Cleveland. 
Carmichael,  H.  J.,   foundry   superintendent,   McKinnon    Industries,    St. 

Catharines,  Ont. 
Carney,  J.  G.,  foundry  superintendent,   Metric  Metal  Works,   Erie,  Pa. 
Carns,  W.  F.,  advertising  manager.  Brass  World  Publishing  Co.,  New 

York. 
Carpenter,  E.   W.,    General   Fire    Extinguisher   Co.,    Providence,    R.    I. 
Capj»enter,  H.  a.,  manager.  General  Fire  Extinguisher  Co.,  Providence, 

R.  I. 
Carpenter,  R.  L.,  Whitehead  Bros.  Co.,  New  York. 
Carr,  F.  C,  proprietor,  James  W.  Carr,  Richmond,  Va. 
Carr,  M.  E.,  salesman.  J.  W.  Paxson  Co.,  Philadelphia. 
Carroll,    Geo.    P.,    foundry    superintendent.    Oil    Well    Supply    Co.,    Oil 

City,    Pa. 
Carroll,  J.  J.,  manager,  Allyne-Ryan  Foundry  Co.,  Cleveland. 
Carroll,  J.  M.,  superintendent.  Aluminum  Castings  Co.,  Cleveland. 
Carson,  II.  D.,  assistant  manager.  Rogers.  Brown  &  Co.,   Philadelphia. 
Carter,  J.  L..  general  manager,   Barlow   Foundry,   Inc.,   Newark,   N.  J. 
Carter,  W.  C,  superintendent  Link  Belt   Co.,  Chicago. 
Castor,  Barney,  mechanical  engineer,    National   Engineering   Co.,   Chi- 
cago. 
Chadsey,    S.    B.,   manager,    Massey    Harris    Harvester    Co.,    Brantford, 

Ont 
Chambers,   William.   Garden    City   Sand    Co.,    Chicago. 
Champli.'j,   O.    H.   P,    president   and    treasurer.    Strong    Steel    Foundry 

Co.,  Buffalo. 
Ch.\ndler,  C.  B..  secretary  and  general  manager,  Havana  Metal  Wheel 

Co.,  Havana,  111. 
Chappell.  S.  W..  foundry  superintendent,  Bethlehem  Shipbuilding  Corp., 

Elizabeth,  N.  J. 
Chase,   C.   M.,   superintendent,   Toronto    Hardware    Mfg.    Co.,   Toronto, 

Ont. 
Chase,  F.  D.,  president,  Frank  D.  Chase,  Inc.,  Chicago. 
Chessman,  T.  D.,   foreman,  Lehigh   Valley  Coal  Co..   Drifton,   Pa. 
Cheney,    R.    M.,    foundry    superintendent,    Angus    Co..    Ltd.,    Calcutta, 
India. 
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Chesney,  M.  M.,  engineer,  E.  D.  Jones  &  Sons  Co.,   Pittsfield,  Mass. 

Chevalier,  L.  B.,  superintendent,  United  Iron  Works,  Inc.,  Kansas  City, 
Mo. 

Childs,  G.  W.,  works  engineer,  American  Steel  Foundries,  Chester,  Pa. 

Chtlds/J.  C,  district  manager,  Austin  Co.,   Philadelphia,  Pa. 

Chopp,  C.  C  manager  foreign  department,  Werner  G.  Smith  Co.,  Cleve- 
land. 

Christ,  E.  H.,  assistant  foreman,  Kutztown  Foundry  &  Machinery  Co., 
Kutztown,  Pa. 

Christen,  Aug.,  salesman,  Arcade  Mfg.  Co.,  Freeport,  111. 

Christy,  Geo.,  foreman,  Ajax  Metal  Co.,  Philadelphia. 

Clamer,  G.  H..  first  vice  president,   Ajax   Metal   Co.,   Philadelphia. 

Clark,  A.  M.,  Northwest  manager,  Columbia  Steel  Co.,  Portland,  Oreg. 

Clarke,  E.  W.,  superintendent,  Eastern  Malleable  Iron  Co.,  Wilmington, 
Del. 

Clarke  F.  B.,  salesman.  Whitehead  Bros.   Co.,   Providence,  R.   I. 

Clark,  J.  O..  assistant  sales  manager,  Mumford  Molding  Machine  Co., 
Chicago. 

Cl.vrk,  M.  B.,  foreman.  Dunning  &  Boschert  Press  Co.,  Syracuse,  N.  Y. 

Clark,  R.  N.,  sales  manager.  Rogers  Brown  &  Co.,  New  York. 

Clark,  R,  W.,  salesman,  Rogers,  Brown  &  Co.,  Cincinnati. 

Claussen,  J.  A.,  manager   Rogers,  Brown  &  Co.,  New  York. 

Cleghorn,  R.,  superintendent,  Sweet  &  Doyle  Foundry  &  Machine  Co., 
Green  Island,  N.  Y. 

Cleland,  R.  L..  Whitehead   Bros.  Co.,  Buffalo. 

Clifford,  W.,  foreman,  Barlow  Foundry,  Newark,  N.  J. 

CoADY,  T.  F.,  superintendent,  Kennedy  Foundry  Co.,  Baltimore. 

CoANE,  W.  J.,  second  vice  president  and  sales  manager,  Ajax  Metal  Co., 
Philadelphia. 

Coble,  D.  C,  sales  engineer,  Buch  Foundry  Equipment  Co.,  York,  Pa. 

Cogger,  C.  E.,  molding  expert.  Buckeye  Steel  Castings  Co.,  Columbus,  O. 

Cohn,  L.,  president,  Dixie  Brass  Foundry  Co.,  Birmingham,  Ala. 

Cole,  F.  V.,  circulation  manager,  Penton  Publishing  Co.,  Cleveland. 

Coleman,  A.  E.,  superintendent,  Anthes  Foundry,  Ltd.,  Winnipeg,  Can- 
ada. 

Coleman,  J.  H.,  salesman,  The  Tabor   Mfg.   Co.,   Philadelphia. 

Coles,  H.  L.,  foundry  chemist,  Niles  Tool    Works,   Hamilton,   O. 

CoMSTocK.   G.    H.,    foundry    foreman,    Goulds    Mfg.    Co.,    Seneca    Falls. 
N.  Y. 

Cone,  E.  F.,  associate  editor.  The  Iron  Age,  New  York. 

CoNGDON,  Alfred,  Port  Arthur  Shipbuilding  Co.,   Port  Arthur,  Ont. 

Connell,  D.,  sales  engineer,  Shepard  Electric  Crane  &  Hoist  Co.,  Mon- 
tour Falls,  N.  Y. 

Connell,  J.   S..   foreman   pattern   shop,   Westinghouse   Electric  &   Mfg. 
Co.,  Essington,  Pa. 

Connor,  E.  O.,  foundry  foreman,  International  Harvester  Co.,  Chicago. 

CoNROY,  F.  J.,  salesman,  Chicago  Pneumatic  Tool  Co.,  Chicago. 

Constantine,   J.,  salesman,   Geo.  F.   Pettinos,   Philadelphia. 

Conway,  Tuos.  H.,  president,  Fremont  Stov«    Co.,   Fremont,  O. 

Cook,  E.  F.,  secretary  and  treasurer.  G.  A.  G'  aj    Co.,  Cincinnati. 

Cook,  Oliver,  salesman.   United   States   Silica   Co.,   Chicago. 

Cook,   W.   G.,   cost   accountant.    Harrison   Safety   Boiler   Works,    Phila- 
delphia. 

CooLEY,  G.  A.,  sales  engineer,  Pangborn  Corp.,  Hagerstown,  Md. 

Cooper,  C.   F.,  vice  president.   Cooper  Mfg.  Co.,  York,  Pa. 

CpOPER,  G,  Am  Brass  World,  New  York, 
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Cooper,  H.  S.,  foreman,  The  Griswold  Mfg.  Co.,  Erie,  Pa. 

Cooper,    William    W.,    assistant    superintendent,    Bethlehem    Steel    Co., 

Steelton,  Pa.  .  .        t    ^      tt  i« 

CoPLAK,    H.    H.,   president,    Hull    Iron   &    Steel    Foundries,    Ltd.,    Hull, 

Que. 
COPPACE,  G.   L.  production  manager,   Pusey  &  Jones  Co.,  Wilmington, 

CoRRiGAN,  R.   A.,  salesman,  The   United    States   Graphite  Co.,   Sagmaw, 

Mich. 
Corse,  W.    M.,   manufacturing   superintendent,   Ohio   Brass    Co.,    Mans- 
field, O. 
Cory,  G.  J.,   foundry  equipment   superintendent.   Worth ington    Pump  & 

Machine  Corp.,  Harrison,  N.  J. 
CosTLEY,  S.  R.,  representative,  J.  S.  McCormick  Co.,  Pittsburgh. 
CoiTRiLL,  E.  F.,  vice  president.  Greens  Car  Wheel  Mfg.  Co.,  St.  Louis. 
Cough  LIN,  N.  H.,  salesman,  American  Gum   Products  Co.,  New   York. 
Coventry,  W.  A.,  president.  Gray  Iron  Casting  Co.,   Mt.  Joy,   Pa. 
Covey,  H.  S.,  secretary,  Cleveland  Pneumatic  Tool  Co.,  Cleveland. 
Cox,  G.  v.,  superintendent  of  foundries,  Griffin  Wheel  Co.,  Chicago. 
Coyne,  J.  J.,  foreman,  Pittston  Stove  Co.,  Pittston,  Pa. 
Crabbe,   a.,   superintendent   of   construction,    Booth   Hall    Co.,    Chicago. 
Craig,  S.  A.,  district  manager,  Norton  Co.,  Worcester,  Mass. 
Cramp,  C.  D.,  Wm.  Cramp  &  Sons  Ship  &  Engine  Building  Co.,  Phila- 
delphia. 
Crawford.  D.  A.,  purchasing  agent,  Camden  Iron  Works,  Camden,  N.  J. 
Crawford,  F.  J.,  foreman,  M.  W.  Kellogg  Co.,  Jersey  City,  N.  J. 
Crawford,  Robert,  president  and  general  manager.  Atlas  Foundry  Co., 

Detroit. 
Crawford,  William   B.,   Atlas  Foundry  Co.,  Detroit. 
Crevet.inc,  G.  F.,  associate  editor.  The  Iron  Trade  Review,  New  York. 
Cru'el,  G.  F.,  president,  Geo.  F.  Crivel  &  Co.,  Buffalo. 
Crook,    A.,   vice   president   and   general   manager,    Philadelphia    Roll    & 

Machine  Co.,  Philadelphia. 
Croziek,   J.    J.,    president,    Kennett    Foundry    &    Machine    Co.,    Kennett 

Square,  Pa. 
Culley.   J.   A.,    foundry    foreman,    Massey   Harris    Harvester    Co.,   Ba- 

Uvia,  N.  Y. 
Culling,  H.  R.,  vice  president,  Carondelet  Foundry  Co.,  St.  Louis. 
Cum  MINGS,  J.  L.,  salesman,  S.  Obermayer  Co.,  Pittsburgh. 
Cum  MING.  W.  S.,  sales  department,  American  Brake  Shoe  &  Foundry 

Co.,  Chicago. 
Cunningham,  R.  E.,  superintendent,  James  Hunter  Machine  Co.,  North 

Adams,  Mass. 
Cunningham,   W.   J.,   assistant    foreman,   James   Hunter   Machine   Co., 

North  Adams,  Mass. 
CuRNOW,  H.  D.,  salesman,  Hickman,  Williams  &  Co.,   Philadelphia. 
Curtis,  J.  W.,  plant  manager,  Richmond  Radiator  Co.,  New  York. 

Danehower,  F.   B..   treasurer.    Ross-Tacony  Crucible   Co.,   Philadelphia. 
Darke.  J.  M ,  metallurgist,  General  Electric  Co.,  Lynn,  Mass. 
Darling,  N.  J.,  assistant   manager,  General  Electric  Co.,  Erie,  Pa. 
Darrach,  E    H.,  president,  Inter-State  Car  Co.,  Indianapolis,  Ind. 
Daugherty.  L.  J.,  pattern  foreman,  Walker  Foundry  Co.,  Erie,  Pa. 
Davidson,  Charles,  Jr..  general  foundry  foreman,  Bayonne  Steel  Cast- 
ing Co.,  Bayonne,  X.  .1. 
David.son,  Philip,  metailurgist,  Scovill   Mfg.  Co.,  Waterbury,  Conn. 
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Davidson,  R.  W.,  Boston  manager,  E.  J.  Woodison  Co.,  Boston. 

Davies.  George  C.,  Pilling  &  Crane,  Philadelphia. 

Davis,  F.  L.,  superintendent,  Lidgerwood  Mfg.  Co.,  Newark,  N.  J. 

Davis,  George  C,  39  S.  Tenth  Street,  Philadelphia. 

Davis,  P.  H.,  superintendent,  Moline  Malleable  Iron  Co.,  St.  Charles, 
111. 

Davis,  T.  Rice,  general  manager.  Eastern  Malleable  Iron  Co.,  Bridge- 
port, Conn. 

Davis,  William,  manager,  Davis  Foundry  Co.,  New  Castle,  Ind. 

Deakin,  H.  E.,  salesman,  Cleveland-Osborn  Mfg.  Co.,  Cleveland. 

Dean,  William,  J.,  foundry  superintendent,  Saco-Lowell  Shops,  Biddc- 
ford,  Me. 

Debevoise,   Paul,   treasurer,    Debevoise- Anderson    Co.,    New   York. 

Deems,  George  B.,  superintendent,  Elmwood  Casting  Co.,  St.  Bernard,  O. 

Deeter,  James  F.,  superintendent.  Aluminum  Casting  Co.,  Fairfield, 
Conn. 

Degler,  J.,  salesman,  Tabor  Mfg.   Co.,   Philadelphia. 

Dehuff,  W.  F.,  superintendent,  Read  Machinery  Co.,  York,  Pa. 

Deininger,  S.  W.,  president,  Madco  Foundry  &  Machine  Co.,  Phocnix- 
ville,  Pa. 

Delano,  F.  E.,  department  superintendent.  General  Electric  Co.,  Erie, 
Pa. 

Dempsey,  C.  W.,  superintendent.  International  Malleable  Iron  Co., 
Guelph,  Ont. 

Dennegan,  a.  I.,  foundry  superintendent.  Power  Specialty  Co.,  Dans- 
villc  N.  Y. 

DeTurk,  Herbert  S.,  Temple  Malleable  Iron  &  Steel  Co.,  Temple,  Pa. 

Detwiler,  H.  H.,  manager.  The  Enterprise  Co.,  Columbiana,   O. 

Dewes,  C.  H.,  superintendent,  Kempsmith  Mfg.  Co.,  Milwaukee. 

DeWitt,  C.  L.,  Connecticut  Electric  Steel  Co.,  Hartford,  Conn. 

Dickson,  Walter  S.,  engineer,   Stoughton  Process   Corp.,   New   York. 

Dierker,  a.  H.,  Buckeye  Steel  Castings  Co.,  Columbus,  O. 

DiLLER,  H.  E.,  associate  editor,  The  Foundry,  Cleveland. 

Ditty,  Ralph,  president.  Federal  Foundry  Supply  Co.,  Cleveland. 

Diver,  George  J.,  manager  Inter-State  Car  Co.,  Indianapolis,  Ind. 

DoBEi,  G.  G.,  foundry  superintendent.  Dodge  Bros.,  Detroit. 

DoBSON^  O.  C,  salesman,  Carborundum   Co.,   Pittsburgh. 

DODORIOGE,  E.  T.,  sales  engineer,  Cleveland  Osborn  Mfg.  Co.,  Cleveland. 

Dodge,   Harry   H.,  superintendent,   Aluminum    Castings    Co.,    Cleveland. 

Dodge,  Kern,  president,  Dodge  Steel  Co.,  Philadelphia. 

Doge,  L.  D.,  salesman,  J.  W.  Paxson  Co.,  Philadelphia. 

DoNAGHAY,  Edwin  G.,  secretary,  Pittsburgh  Brass  Mfg.  Co.,  Pittsburgh. 

Donaldson,  J.,  foundry  superintendent,  Miller  Bros.  &  Sons,  Ltd.,  Mon- 
treal, Que. 

Donley,  W.  J.,  general  manager,  Connellsville  Foundry  &  Machine  Co., 
Connellsvillc,  Pa. 

DoPP,  J.  W.,  manager,  Sterling  Wheelbarrow  Co.,  Detroit. 

Dorman,  R.,  general  foreman,  Xiles  Bement  Pond  Co.,  Plainfield,  N.  J. 

DoRSEY,  W.  A.,  general  superintendent,  Bonney  Floyd  Co.,  Columbus,  O. 

DoTiERRER,  August  W.,  secretary,  Buckwalter  Stove  Co.,  Royersford, 
Pa. 

Doty,  R.  J.,  Sivyer  Steel   Casting  Co.,   Milwaukee. 

Dougherty,  S.  H.,  western  manager,  Jonathan  Bartley  Crucible  Co., 
Trenton,  N.  T. 

Dougherty,  William   J.,   The   Ajax   Metal   Co.,   Cleveland. 

Douglass,  J.  W.,  foreman  of  shipping,  Bethlehem  Steel  Co.,  Steel- 
ton,  Pa. 
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Downey,  John,  foreman,  Kramer  Bros.  Foundry  Co.,  Dayton,  O. 

Day,  George  R.,  salesman,  General   Electric  Co.,   Philadelphia. 

Doyle,  Edward  C,  treasurer,  Sweet  &  Doyle  Foundry  Machine  Co., 
Green  Island,  N.  Y. 

Drake,  George  L..  Shepard  Electric  Crane  &  Hdist  Co.,  Montour  Falls, 
N.  Y. 

Dreisbach,  Charles  A.,  president  and  manager,  New  Haven  Sand  Blast 
Co^  New  Haven,  Conn. 

Driver,   T.   L.,  Jr.,   vice   president,   Driver-Harris   Co.,   Harrison,   N.   J. 

Drolet,  Emilo,  foundry  superintendent,  F.  X.  Drolet  Co.,  Quebec,  Can- 
ada. 

Drought,  J.  G.,  Chicago  sales  manager,  United  States  Graphite  Co., 
Saginaw,  Mich. 

Drummond,  E.  M.,  president  and  treasurer,  Drummond  Mfg.  Co., 
Louisville,  Ky. 

Drysdale,  John,  foundry  foreman,  H.  B.  Smith  Co.,  Westfield,  Mass. 

DuNBECK,  E.  J.,    foreman,   T.   H.   Symingion   Co.,   Rochester,   N.   Y. 

Dunbeck,  J.  R.,  superintendent,  T.  H.  Symington  Co.,  Rochester,  N.  Y. 

Dunn,  D.  E.,  department   manager,    Fairbanks   Morse   Co.,   New   York. 

Dunn,  James  H.,  superintendent,  Menefee  Foundry  Co.,  Ft.  Wayne,  Ind. 

DuNWiGAN,  Thomas   F.,  foreman,  Scovill   Mfg.  Co.,  Waterbury,  Conn. 

Dwight,  John  H.,  vice  president  '.nd  general  manager.  Belle  City  Mal- 
leable Iron   Co.,   Racine,   Wi*^ 

Dwyer,  Pat,  associate  editor,   /  He  foundry,  Cleveland. 

Dyer,  Henry,  American  Radiator  Co.,   Springfield,  O. 


Eacan,    D.    F.,    representative,    Henry    E.    Pridmore,    Chicago. 

Eastwood,  James,  president  and  treasurer,  Benjamin  Eastwood  Co.. 
Paterson,  N.  J. 

Eby,  S.  E.,  master  mechanic,  American  Steel  Foundries.  Chester.   Pa. 

EcKARDT,  G.  H.,  foreman  patternmaker,  American  Engineering  Co., 
Philadelphia. 

EcKELT,  J.   A.,   foundry   superirtende^-t.   Gcreral    Electr'c   Co..    Erie.    Pa. 

Edmiston,  R.  J.,  salesman,  the  U.  S   Graphite  Co.    Pittsburjfh. 

Edwards,  A.   D.,  president,   WoodruflF   &    Edwird^    Co..    Elgin.    Ill 

Edwards,  E.  J.,  engineer  of  test>.  American  Locomotive  Co..  Schenec- 
tady, N.  Y. 

Egan,  Jas.  S.,  foundry  superintendent.  Remington  Typewriter  ^o.. 
Ilion,  N.  Y. 

Eggert,  Charles,  foundry  superintcrdent.  Buffalo  Foundry  ic  Machine 
Co.,  Buffalo. 

Ehlinger,  J.  A.,  American    Me'^Hnrgiral   C  >r)..    Phibd'^'nhi^. 

Eichman,  R.  L.,  foundry  superintendent.  The  Bcttendori  Co..  Bct'en- 
dorf,  la. 

Eickhoff,  F.  W..  David  Lupton's   Sons   Co..   Phi'ade'pMa 

Eisenhard,  W.   H..   Buckwalter   Stove   C^     Rovers  ford     P\ 

Elliot,  F.  F.,  assistant  superintendent.  Wetinghouse  E'ectri:  &  M  fg 
Co.,  Pittsburgh. 

Elliott,  Frank,  foundry  foreman.  Darling  Valve  Mf.q:.  Co..  Williams- 
port,  Pa. 

Elus,  C.  H.,  representative.  Fenrv   F.   Pridn^ore    C'^Jrnro. 

Ely.  Geo.  G.,  purchasing  agent  American  Wood  Workirg  Machinery 
Co.,  Rochester,  N.  Y. 
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Emby,  W.  J.,   secretary  and  treasurer,   Somervillc   Iron  Works,    Soracr- 

ville,   N.   J. 
Enquist,  a.  R.,  secretary,  Connecticut  Foundry  Co.,  Rocky  Hill,   Conn. 
Ensign,  R.  M.,  vice  president.  Ensign  Foundry  Co.,  Toledo,  O. 
EIrb,   David,   superintendent    foundry   division,   Packard   Motor    Car  Co., 

Detroit. 
Ericson,  Carl,  foundry  foreman,  Marsielles  Works,  E.  Moline,  111. 
Ervin,  J.  F.,  manager.  Aluminum  Castings  Co.,  Cleveland. 
EsTEP,    H.    Cole,    European    manager,    Penton    Publishing    Co..    London, 

England. 
Evans.  G.  S.,  superintendent  of  cupolas.  Griffin  Wheel  Co..  Chicago. 
Evans,  Jame^   E.,   salesman,    S.   Obermayer   Co.,   Chicago. 
EvKE,   L..  general  superintendent,  Terre   Haute   Malleable  &  Mfg.   Co., 

Terre  Haute.  Ind. 


F'ackler,  J.  M.,  foundry  foreman,  Domestic  Engine  &  Pump  Co.,  Ship- 
pen  sburg,  Pa. 
Falconer,  D.  P.,  sales  engineer,  Shawinigan  Electro  Metals  Co.,  Chicago. 
Falk,  C,  salesman,  Davenport  Machine  &  Foundry  Co.,  Davenport,  la. 
Fanner,  G.  K.,  superintendent,  W.  W.  Sly  Mfg.  Co.,  Cleveland. 
Farnsworth,    F.    B.,    president,    McLagon    Foundry    Co.,    New    Haven, 

Cona 
Farrell,  S.  R.,  secretary,  the  Portage  Silica  Co.,  Youngstown,  O. 
Fasy,  J.  I.,  vice  president  and  sales  manager.  Liberty  Supply  Co.,  Inc.. 

Philadelphia. 
Faunce,  L.  D.,  plant   engineer,    Bayonne   Steel   Castings   Co.,    Bayonnc, 

N.  J. 
Feltes,    F.    L.,     assistant     superintendent,  .  Allyne-Ryan     Foundry     Co., 

Cleveland. 
Felton.   F.  J.,   superintendent   car   wheel   dept..    Pressed    Steel   Car   Co., 

Pittsburgh. 
Fendner,  J.   P.,   salesman,-  Tabor   Mfg.   Co.,   Philadelphia. 
Fenn,  W.,  Ajax  Metal  Co.,  Philadelphia. 

Fenstermacher,  J.  D.,  sales  manager,  Columbia  Steel  Co..  San  Francisco. 
Fenton,  Wm.,  salesman.   S.   Obermayer   Co.,   Chicago. 
Fernald,  H.  W.,   resident   manager,  Rogers.   Brown   &   Co..    Boston. 
Ferris,  J.  H.,  brass  foundry   foreman,   Pusey  &  Jones   Co.,  Wilmington, 

Del. 
Ferster,  L.  F.,  advertising  manager,  The  Werner  G.   Smith   Co..  Clcve- 
■    land. 

Fibber.  J.  W.,  superintendent,  Wrightsville  Hdwe.  Co.,  Wrightsville.  Pa. 
FiGG,  L.  J.,   foundry  foreman,  Lynchburg  Foundry  Co.,   Lynchburg.  Va. 
FiNDLEY,   E.,  central   west  manager.   The  Iron  Age,   Cleveland. 
Fink,  B.  O.,  managing  owner.  Auburn  Foundry,  Auburn.  Ind. 
FiNKBEiNER,   T.   E.,   general    foreman    of    shops,    New   Jersey    Zinc   Co.. 

Palmerton,  Pa. 
FiNKELDEY,  W.  H.,  research  investigator.  New  Jersey  Zinc  Co..   Palmer^ 

ton,  Pa. 
Fischer,  C,  president,  Fischer-Sweeny   Bronze   Co.,   Hoboken.   N.  J. 
Fischer,  L.,  vice  president,  Fischer-Sweeny  Bronze  Co.,  Hoboken,  N.  J. 
^'iSHER,  G.  P.,  metallurgist.  Whiting  Foundry  Equipment  Co.,  Harvey.  111. 
HER,  H.  F.,  foundry  foreman,  A.  B.  Farquhar  &  Co.  Ltd..  York.  Pa. 
lER.    P.    R..    New    England    representative,    Penton    Publishing   Co., 
ston. 
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F'lSHER,  R.  E.,  assistant  superintendent,  Ohio  Steel  Foundry  Co..  Spring 

field.  O. 
Fisher,  S.  H.,  superintendent   foundry,  Harrisburg  Foundry  &  Machine 

Works,  Harrisburg,  Pa. 
Fisher,    T.    B.,    plant    superintendent.    The    Wilmington    Castings    Co., 

Wilmington,  O. 
Fisher,  W.  J.,  superintendent,  A.   B.   Farquhar  &  Co.,   Ltd..  York,   Pa 
Pitts,  F.  E.,  representative.  Rogers,  Brown  &   Co.,   Boston. 
Fitzgerald,  W.  J.,  foundry  foreman,  Richmond  Radiator  Co..  New  York. 
FiT/.PATRiCK,  W.  H.,  director  of  sales.  Hauck  Mfg.  Co.,  Brooklyn,  N.  Y. 
FiTZPATRiCK,  W.   M.,   S.  Obermayer   Co.,   Pittsburgh. 
Flagg,  Jr.,  S.  G.,  Stanley  G.  Flagg  Co.,   Philadelphia. 
Flacg,  3rd.  S.  Griswolp.  Stanley  G.  Flagg  Co.,  Philadelphia. 
Fleig,  F.  R.,  vice  president.  Smith  Facing  &  Supply  Co..  Cleveland. 
FuNN,  T.  C,  consulting  foundry  engineer.  Fletcher  Works,  Philadelphia. 
Flockhart,  James,  Flockhart   Foundry   Co..   Newark.  N.  J. 
Flockhart,    John,    assistant    superintendent.     Flockhart     Foundry     Co.. 

Newark,  N.  J. 
Flynn,  Francis   J.,   assistant   purchasing   agent,   Kennedy    Foundry    Co.. 

Baltimore,  Md. 
Ford,  A.  M.,  superintendent,  National  Cast   Iron   Pipe  Co..   Birmingham, 

Ala. 
Forceot.  Gfo.  C,  manager,  Worthinglon  Pump  &  Machine  Corp.,  Buffalo. 
Form  AN,  B.  H.,  salesman,  T.  P.  Kelly  &  Co..  Inc..   New   York. 
Forrester,  Wm.  R..  metallurgist.  Treadwell  Engineering  Co..  F^ston.  Pa. 
Foster,  E.  H.,  vice  president.  Power  Specialty  Co..  Dansville.  N.  Y. 
Foster,  James    D.,   superintendent,   brush    work.    Sessions   Foundry    Co., 

Bristol,   Conn. 
Fox,  A.   K.,   Benjamin   Fox   Sons,   Inc.,   New    York. 
Fox,   Benjamin   F.,  president   and   treasurer.   Benjamin   Fox    Sons.   Inc., 

New  York. 
Fox,   M.   M.,   assistant    foundry    foreman.    Bethlehem    Steel   Co..    Bethle- 
hem,  Pa. 
Fox,  V.  A.,  engineer,  Young  Bros..   Detroit. 

Fowler,  J.  S.,  metallurgist,  Bethlehem  Foundry  &  Machine  Co.,  Bethle- 
hem, Pa. 
Franey,  M.  D.,   superintendent,  American    Brake   Shoe  &   Foundry   Co., 

Mahwah,  N.  J. 
Frank,  F.  J.,  vice  president.  The  Iron  Age.  New  York. 
Frank,   William    K.,    vice    president    and    general    manager.    Damascus 

Bronze  Co.,  Pittsburgh. 
Eraser,  W.  D.,  manager,  Berkshire  Mfg.  Co.,  Cleveland. 
Fraser,  W.   D.,    foundry    superintendent.    New    London    Ship   &    Engine 

Co.,  Groton,  Conn. 
Frazer,  F.  R.,  George  Oldham   Son   &   Co.,    Philadelphia. 
Freedler,  p.,  engineer,   Link   Belt   Co..   Philadelphia. 
French,  G.  A.,  district  manager.   Shepard  Electric   Crane  &   Hoist   Co.. 

Montour  Falls,  N.  Y. 
French,  G.  W.,  salesman,  J.  J.  Mohr  &  Son.  Philadelphia. 
Frenier,  H.  T.,  treasurer,  Lane  Mfg.  Co..  Montpelier.  Yt. 
Fromm,  F.  C,  secretary-treasurer.  Manufacturers'   Foundry   Co..   Water- 

buiy,   Conn. 
FuESSENiCH,  H.   H.,  Hendcy   Machine   Co.,   Torrington,    Conn. 
Fulton,  A.  M.,  Fort  Pitt  Malleable  Iron  Co..  Pittsburgh. 
FmMAN,  G.,  general  manager,  Henry  E.  Pridmore.  Chicago. 
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Gallagher,  Hugh,  salesman,  Henry.  E.  Pridmorc,  Chicago. 

Galligan,  James,  salesman,   Pickands,  Brown  &  Co.,   Chicago.  * 

Gardner,  D.  J.,  Cincinnati  manager,   The  Iron  Age,  Cincinnati. 

Garland,   James,   erecting    engineer,    William    Cramp   &    Sons    Ship    & 
Engine  Building  Co.,  Philadelphia. 

Garner,  C.  D.,  salesman,  Cleveland  Pneumatic  Tool  Co.,  Geveland. 

Garrard,  J.  G.,  superintendent,  Northwestern  Malleable   Iron  Co.,   Mil- 
waukee. 

Gartland,  Frank  X.,  secretary,  Gartland  Toledo  Foundry  Co.,  Toledo,  O. 

Gartland,    T.    H.,    general    manager,    Gartland    Toledo    Foundry    Co., 
Toledo,  O. 

Garvin,  William  K.,  assistant  superintendent,  American  Hoist  &  Der- 
rick Co.,   St.   Paul. 

Gatch,  Nelson  B.,  district  manager  sales,  Chicago  Pneumatic  Tool  Co., 
New  York. 

Gates,    Philetus,    W.,    president,    Mum  ford    Molding    Machine     Co., 
Chicago. 

Gates,  Howard  T.,  vice  president,  Atlantic  Radiator   Co.,   Huntingdon, 
Pa. 

Gautzman,  Charles  C,  salesman,  Quigley  Furnace  Specialties  Co.,  New 
York. 

Geist,   Carlton,   president,   Geist    Mfg.   Co.,   Atlantic   City.   N.   J. 

Genske,    O.    a.,    foundry    superintendent,    Illinois  'Malleable    Iron    Co., 
Chicago. 

Gerbing,  Charles,  superintendent,  Bonney  Floyd   Co.,  Columbus,  O. 

Gerger,   J.    H.,    foundry    superintendent,    Southern^  Pacific    Co.,    Sacra- 
mento, Cal. 

GfessNER,  Charles  W.,  Warren   Foundry  &  Machine   Co.,    Phillipsburg, 
N.  J. 

Gfroerer.    Herbert,    assistant    general    superintendent,    Sargent    &    Co., 
New  Haven,  Conn. 

GiBBS,  C.  C,  sales  manager,  National  Malleable  Castings  Co.,  Cleveland. 

Gibson,  W.  A.,  engineer  of  tests,  Aluminum  Castings  Co.,  Clevelana. 

Gtberson,  M.  B.,  manager,  Pattern  &  Castings  Co.,   Saginaw,   Mich. 

GiELE,  H.  F.,  superintendent  of  foundries,  Grabler  Mfg.  Co.,  Cleveland. 

GiERSCH,  Fred  E.,  western  New  York  manager,  Hauck  Mfg.  Co..  Buffalo. 

Gilbert,  C.  S.,  superintendent,  Canada  Iron  Foundries,  Ltd.,  St.  Thomas, 
Ont. 

Gilbert,   John,   purchasing   agent,   J.   W.    Paxson   &   Co.,    Philadelphia. 

Gill,  Joseph   R.,  plant   manager,   Bronze   Metal   Co.,   Meadville.    Pa. 

Gillespie,   Ernest,  assistant    foreman   pattern    room,   Goulds    Mfg.    Co.. 
Seneca  Falls,  N.  Y. 

Gillete,   J.    D.,    salesman,    Shepard    Electric    Crane   &    Hoist,    Montour 
Falls,  N.  Y. 

Gillies,    H.    A.,    western    representative,    Ross-Tacony    Crucible    Co., 
Philadelphia. 

Gilmore,   W.   R.,   vice   president    and   general    manager,    Superior    Steel 
Castings  Co.,  Benton  Harbor.  Mich. 

Ginter,  George  H.,  foreman,  York  Mfg.   Co.,  York,  Pa. 

Glass,  J.  M.,  salesman.  Hill  &  Griffith  Co.,  Cincinnati. 

Glasscot,  Tom,  salesman,  Pickands,  Brown  &  Co.,  Chicago. 

GLEDriiLL,  H.  W.,  district  manager,  Shepard  Electric  Crane  &  Hoist  Co., 
Philadelphia. 

Glosser,  Frank  D.,  manager.  Commercial  Steel  Castings  Co.,  Marion,  O. 

GoDARD.   Frank    B.,   sales   manager,   United    States    Graphite    Co.,    Pitts- 
burgh. 


Digitized  by  VjOO^ IC 


The  Registered  Attendance  529 

GoEBEL,  J.   R,   pattern   department    foreman,   Wilmington    Casting    Co.. 

Wilmington,  O. 
GoEBiG,  H.  F.,  secretary,  United  States  Silica  Co..  Chicago. 
GoEHRiNGEK,  C.  J.,  president  Buckeye  Products   Co.,   Cincinnati. 
GoEPPERT,  M.  J.,  superintendent,  Bell  City  Malleable  Iron   Co.,  Racine, 

Wis. 
GoERGEN,  Peter  M.,  superintendent,  Howard  Iron  Works,  BuflFalo. 
Gold,  Russell  S.,  assistant  superintendent  American  Hardware   Corp., 

New  Britain,  Conn. 
Golden,    Albert    P.,    superintendent,    Bethlehem    Steel    Co.,    Sparrows 
Point,  Md. 

Golden,   George  J.,   superintendent,   Goldens   Foundry   &  Machine   Co., 
Columbus,  O. 

Goldman,  N.  A.,  buyer  and  salesman,  S.  Birkenstein  &  Sons,  Chicago. 

Goldstein,  Harry  T.,  salesman.  Arcade  Mfg.,  Freeport,  III. 

Good,  G.  P.,  foundry  superintendent,  Bilton  Machine  Tool  Co.,  Bridge- 
port, Conn. 

GooDFELLOw,  F.  H.,  Salesman,  McLain's  System,  Milwaukee. 

Goodwin,    Martin,    foundry    foreman.    Peninsular    Iron    Works,    Port- 
land, Ore. 

GoosTRAY.  Joe,  laboratory  department,  Hunt-Spiller  Mfg.  Corp.,  Boston. 

Gordon,  T.  C,  assistant  manager,  Richmond  Foundry  &  Manufacturing 
Co.,  Richmond,  Va. 

GosiGER,  L.  A.,  secretary,  S.  Obermayer  Co.,  Chicago. 

Graddy,  W.  M.,  foreman,  Goldens  Foundry  &  Machine  Co.,  Columbus.  O. 

Grady,  J.   F.,    foundry   superintendent,    Continental    Gin    Co.,    Birming- 
ham, Ala. 

Graham,  E.  L.,  manager,  Acme  Foundry  &  Machine  Co.,   Coffe3rville, 
Kans. 

Graham,  J.  Millson,  salesman,  Ajax   Metal  Co.,  Philadelphia. 

Grammer.  George,  foundry  foreman.   Darling  Valve  &  Mfg.   Co.,  Wil- 
liamsport,  Pa. 

Grau,  Walter  E.,  assistant  treasurer.  Pangborn  Corp.,  Hagerstown,  Md. 

Graue,  Paul  W.,  western  representative,  W.  W.  Sly  Mfg.  Co.,  Cleveland. 

Grede,  William  J.,   secretary,  Wagner   Castings   Co.,   Decatur,   111. 

Greer,  Richard  C,  salesman,  Norton  Co.,  Worcester,  Mass. 

Gregg,    A.    W.,    foundry    superintendent.    Whiting    Foundry    Equipment 
Co.,    Harvey,    111. 

Gregg,    Robert,    foundry    superintendent,    Hesse    Martin    Iron    Works, 
Portland.  Ore. 

Greene,    W.    B.,    president,    Acme-Palmers    &    DeMooy    Foundry    Co., 
Cleveland. 

Gregory,  A.  Y.,  salesman,  Whitehead  Bros.,  New  York. 

Gregory,  E.,  foreman,  Abend  roth  Bros.,  Port  Chester,  N.  Y. 

Gregory.  G.,  manager  New  York  office,  Cleveland  Pneumatic  Tool  Co., 
New  York. 

Greve,  L.  W.,  treasurer,   Cleveland  Pneumatic  Tool   Co.,   Cleveland. 

Grill,  J.  K.,  general  foreman.  International  Harvester  Co.,  Chicago. 

Grimes,  George  L.,  president,  Grimes   Molding  Machine  Co.,  Detroit. 

Grimm,  A.   P.,  vice  president   and   general  manager,   Raritan   Foundry 
Co.,  Raritan,  N.  J. 

Grindle,  E.  a.,  general  foreman,  International  Harvester  Co.,  Chicago. 

Griswold,  R.  W.,  treasurer,  Griswold  Mfg.  Co.,  Erie.  Pa. 

Grondin.  Fred  J.,  foundry  foreman,  Kilby  Mfg.  Co..  Cleveland. 

Gross,  Philip,  assistant  superintendent,  American  Radiator  Co.,  Detroit. 


Digitized  by  VjOO^ IC 


530  American  Foundrymen's  Association 

Gross,  R.   C,   representative,   Chicago    Pneumatic    Tool    Co.,    Chicago. 

Grove,  F.  H.,  manager,  Banner  Machine  Co.,  Columbiana,  O. 

Groves,    Samuel,   editor,    department    of    mines,    Canadian    government, 

Ottawa. 
Gruss,  William  G.,  sales  executive,  Pickands.  Mather  &  Co.,  Cleveland. 
GuiCE,  M.  L.,  foreman,  Bethlehem  Ship  Building  Corp.,  Elizabeth,  N.  J. 
Gump,  Harvey  F.,  Cleveland  sales  manager,  U.  S.  Graphite  Co.,  Saginaw. 

Mich. 
GuTENKUNST.    H.    A.,    president,    Canadian    Malleable    Iron    Co.,    Owen 

Sound,  Canada. 
GuYER,  John,  erecting  engineer,   Shepard    Electric   Crane   &    Hoist   Co., 

Montour  Falls,  N.  Y. 
GwENP,  W.  B.,  assistant  vice  president,  American  Brake  Shoe  &  Foundr} 

Co.,  New  York. 


Haas,   Joseph,    foundry   foreman,   Westinghouse   Electric   &    Mfg.   Co., 

Essington,   Pa. 
Hackett,  U.  M.,  foundry  foreman,  American  Clay  Machinery  Co.,  Wil- 

loughby,  O. 
Hadley,  D.  E.,  Eastern  representative,  W.  W.  Sly  Mfg.  Co.,  New  York 
Haggman,  W.  F.,  Seattle  branch  manager,  E.  J.  Woodison  Co.,  Seattle. 
Haig,  John    E.,   electric    furnace   department,    Ajax    Metal    Co.,    Phila 

delphia. 
Haigh,  Alexander,  salesman.  Whitehead  Bros.,  New  York  City. 
Haldema*^,    James    R.,    Sk.,    foundry    superintendent.    Read    Machinery 

Co.,   York,   Pa. 
Haley,   Hutton,    H.,  district    manager,    American    Foundry    Equipment 

Co.,  New  York. 
Halfaher,  W.  a.,  superintendent,  Kansas  City  Hay  Press  Co.,  Kansas 

City. 
Halin,  William,   foundry  superintendent,   Henry   Wray   &   Son,   Roch 

ester,  N.  Y. 
Hall,  A.,  foundry  foreman,  Wellman-Seaver-Morgan  Co.,  Cleveland. 
Hall,  Alexander,  superintendent,   Lvnchburg  Foundry  Co.,   Lynchburg. 

Va. 
Hall,   John    H.,   engineer,    Taylor    Wharton    Iron   &    Steel    Co.,    High 

Bridge,  N.  J. 
Hall,  Louis  J..  Columbia  Bronze  Corp.,  New  York. 
Hallgrin,  Hjalmar,  foundry  foreman.  National  Iron  Co.,  Duluth.  Minn 
Hallowell,  William    S.,   Harrison   Safety   Boiler  Works,   Philadelphia. 
Hamel,  F.  W.,  salesman.  International  Molding  Machine  Co.,  Chicago. 
Hamel,    G.    L.,    general     foundry    foreman,    Canadian    Steel    Foundrx. 

Montreal,  Que. 
Hamilton,  R.  M.,  works  manager,  Canadian  Machinery  Corp.,  Gait,  On^ 
Hammer,  F.  L.,  assistant  superintendent.  Steel  Foundry,  Malleable  Iron 

Fittings  Co.,  Branford,  Conn. 
Hammerstrom,  William  G.,  manager,  .Stroh  Casting  Co..  Detroit. 
Hammond,    George,    H.,    foundry    superintendent,    Taylor    Forbes    Co.. 

Guelph,  Ont. 
Hammond,  Robert  S.,  sales  representative.  Whiting  Foundry  Equipment 

Co.,  Pittsburgh. 
Hammond,  T.   S.,   secretary.   Whiting   Foundry   Equipment   Co.,   Harvev, 

111. 
Hancock,  R.  N..  salesman,  Cleveland   Osborn   Mfg.  Co.,   Cleveland. 
Handy,  H.  M.,  salesman,  Mardcn.  Orth  &  Hastings  Corp.,  New  York. 
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Han  KB,   G.   R.,   foundry   manager,   Taylor  Wharton    Iron   &   Steel    Co., 
High  Bridge,  N.  J. 

Hanley,   H.    B.,    metallurgist,    New    London    Ship    &    Engnieering    Co., 
Grcton,  Conn. 

Hannay,  Gerald,  treasurer,  Barnett   Foundry  &   Machine   Co.,   Irving- 
ton,  N.  J. 

Hanson,  George,  president,  Havana  Mfg.  Co.,   Havana,  111. 

Hanson,   V.,   foreman  molder   department,    Westinghouse    Electric   Co., 
Essington,  Pa. 

Harnit,  Joseph  M.,   superintendent,   Green   Engineering  Co.,   East   Chi 
cago,  Ind. 

Harrington,  R.  P.,  metallurgist.  Hunt-Spiller  Mfg.   Corp.,   Boston. 

Harris,  George  H.,  superintendent  and  engineer,  Utica  \  alve  &  Fixture 
Co.,  Utica,  N.  Y. 

Harrison,  A.   E.,  assistant   works   manager,   Allis   Chahners    Mfg.   Co.. 
Milwaukee. 

Harrison,  F.  Y.,  superintendent,  Murphy  Iron  Works,  Detroit. 

Hart,  J.  W.,  foreman,  West  Steel  Castings  Co.,  Cleveland. 

Hart,  L.  O.,  second  vice  president,  Driver-Harris  Co.,  Harrison,  N.  J 

Hashagen,  R.  J.,  salesman,  Whitehead   Bros.  Co..   New   York. 

Haskins,  E.   O.,   manager   of   manufacturing,    Richmond    Radiator    Cc«.. 
New  York. 

Hastings,  W.  A.,  superintendent,  Canadii  Iron  Foundiies,  Hamilton,  Ont. 

Haswell,  John  C.,  president,  Dayton  Malleable  Iron  Co.,  Dayton,  O. 

Hatch,  F.  E.,  Jr.,  sales  engineer,  P.ullard  Machine  Tool  Co.,  Bridgeport, 
Conn. 

Hatch,   J.   A.,   vice   president   and   general    manager,    Shepard    Electric 
Crane  &  Hoist  Co.,  Montour  Falls,  N.  Y. 

Hatch,  T.  A.,  research  investigator,   New   Jersey   Zinc  Co.,   Palmerton, 
Pa. 

Hathaway,  E.  R.,  salesman,  Springfield   Facing  Co.,   Springfield,   Mass 

Hathaway,  H.  K.,  construction  engineer.  Tabor  Mfg.  Co.,  Philadelphia. 

Hatten,  James  H.,  salesman,  G.  F.   Pettinos.  Philadelphia. 

Hauck,  Arthur  E.,  president,  Hauck  Mfg.  Co.,  Brooklyn,  N.  Y. 

Hauenstein,  D.  H.,  advertising   representative,   Penton    Publishing   Co., 
New  York. 

Haupt,  C.  E.,  foreman,  Danville  Iron  &  Steel  Co.,  Danville,  Pa. 

Hauser,  Victor  H.,  foundry  superintendent,   Kiitztown  Foundry  &  Ma 
chine  Co.,  Kutztown,  Pa. 

Hausfeld,  Edward  B.,  president,  Hausfeld  Co.,  Harrison,  O. 

Hawke,  C.  E.,  sales  manager,  Carborundum  Co.,  Xiacara  Falls,  N.  Y. 

Hay,  D.  R.,  inspector,  Murphy  Iron  Works,  Detroit. 

Hayburn,    Martin    F.,    superintendent,    Connecticut    P^lectric    Steel    Co- 
Hartford,  Conn.     , 

Hayes,  R.  W.  E.,  general  manager.  Haves  Pump  &  Planter  Co.,  Galva. 
111. 

Hayes,   S.  W.,  assistant   superintendent.    American    Metallurgical    Corp.. 
Philadelphia. 

Hays.   G.   O.,   advertising   representative,    Penton    Publishing   Co.,    Xew 
York. 

Hays,   M.   J.,   superintendent,   U.    S.    Cast    Iron    Pipe    &    Foundry    Co.. 
Bessemer,  Ala. 

Healing,  F.  J.,   foundry   foreman,   Westinghouse   Electric   &   Mfg.   Co., 
Essington,  Pa. 

Heier,  John  D.,  factory  superintendent.  Long  &  Allstatter  Co..   Hamil- 
ton, O. 

Heinemann,  Walter,  chief   ore  clerk,   Columbia   Steel   Co..   San    Fran- 
cisco. 
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Henderson,  J.  S.,  engineer,  Lidgerwood  Mfg.  Co.,  Newark,  N.  J. 
Hendri,  R.  J.,  foreman.  S.  H.  Barnura,  New  Haven,  Conn. 
Henshaw,  J.  O.,  proprietor,  Boston. 

Heppner,  W.  L.,  general  superintendent,  Crescent  Foundry  Co.,  Roch- 
ester, N.  Y. 
Herman,    Frank,    salesman,    Pilling    &    Crane,  Philadelphia. 
Hermanson,    Theodore    N.,    manager    carpenter    works,    Worthington 

Pump  &  Machinery  Corp.,  Pittsburgh. 
Hershey,  a.  J.,  secretory.  Cooper  Mfg.  Co.,  York,  Pa, 
Hetzel,    William,    secretory    and    treasurer,    Davenport    Machine    & 

Foundry  Co.,  Davenport,  la. 
HET2LER,  George  A.,  treasurer,  North  West  Foundries,  Rochester,  N.  V. 
Hey  WOOD,  C.  F.,  superintendent,  McCord  &  Co.,  Chicago. 
Hibbens,  T.  a.,  sales  manager,  Stevenson  Co.,  Wcllsvillc,  O. 
HiBDS,    Joseph    S.,    assistant   general   manager,    J.    W.   Paxson    &    Co., 

Philadelphia. 
HII.DF3RAND,  J.  M.,  Salesman,  S.  Obermayer  Co.,  New  York. 
Hill,  John,  the  Hill-Brunner  Foundry  Supply  Co.,  Cincinnati. 
HiLLER,  Fred  L.,  chemist,  York  Mfg.  Co.,  York,  Pa. 
HiLLiARD,  Henry  F,   foreman,   Essex  Foundry,  Newark,  N.  J. 
Hirst,   Roy   W.,  sales   engineer,   Shepard  Electric  Crane  &  Hoist  Co., 

New  York. 
HiRSHHEiMER,  L.  C,  sccretory,  LaCrosse  Plow  Co.,  LaCrosse,  Wis. 
HiSEY,  H.  W.,  Cleveland  Osborn  Mfg.  Co.,  Cleveland. 
Hoar,  John  H.,  salesman,  E.  J.  Woodison  Co.,  Detroit 
HocHGESANG,  C.  E.,  fouudry  foreman,  American  Saw  Mill  Machinery 

Co.,  Hackettstown,  N.  J. 
HocKiN,  A.  H.,  superintendent,  Taylor  Forbes  Co.,  Ltd.,  Giielph,  Ont. 
HoERNKE,    WiLLAM,    foundry    superintendent,    the    Stowell    Co.,    Sout'i 

Milwaukee. 
HoFFHiM,   John,   works   manager,    American    Brake    Shoe   &   Foundry 

Co.,  New  York. 
Hoffman,   L.   G.,   works   manager,   Alberger   Pump  &   Condenser    Co., 

Newburgh,  N.  Y. 
Hoffman,  Paul,  foreman,  Flockhart  Foundry  Co.,  Newark,  N.  J. 
Hoffman,  R.  S.,  salesman,  E.  J.  Woodison  Co.,  Detroit 
HoGAN,  T.  F.,  Whitehead  Bros.  Co.,  New  York. 

Holding,  R.  S.,  salesman,  Brown  &  Sharpe  Mfg.  Co.,  Providence,  R.  I. 
HoLFELDER,  JosEPH  G.,  superintendent,  Gurney  Heating  Mfg.  Co.,  Fram- 

ingham,  Mass. 
HoLLiNs,  C.  H.,  Black  Products  Co.,  Chicago. 

HoLLisTER.  J.  M.,  foundry  superintendent.  General  Electric  Co.,  Schen- 
ectady, N.  Y. 
HoLLjEs,  E.,  salesman,  William  Sellers  &  Co.,  Inc.,  Philadelphia. 
Holmes,  F.  M.,  vice  president,  North  &  Judd  Mfg.  Co.,  New  Britain, 

Conn. 
Holmes,  George  R.,  foreman,  Westinghouse  Air  Brake  Co.,  Wilmerding. 

Pa. 
Holmes.   R.    E.,   assistant   works   manager,   American  Engineering  Co., 

Philadelphia. 
Holmgreen,   (George   C,    vice   president,   Alamo   Iron  Works,   San   An- 
tonio, Tex. 
Holohan,    Michael    R.,    foreman,    Wheeler   Condenser  &   Engine   Co.. 

Carta  ret,  N.  J. 
Holton,   P.    H.,   assistant   plant   engineer,   William   Wharton    Co.,   Inc.. 

Easton,  Pa. 
Halyburton,  engineer,  American  Car  &  Foundry  Co.,  Berwick,  Pa. 
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HoMMLER,  Edwaw),  general  foreman,  Westinghnuse  Electric  &  Mfg.  Co., 

Trafford,   Pa. 
Hopkins,  Benton,  advertising  manager,  the  Austin  Co.,  Cleveland. 
Hopkins,  C.  F.,  works  manager,  the  Ajax  Metal  Co.,  Philadelphia. 
Hope,  R.  J.,  works  manager,  Pratt  &  Letchworth  Co.,  Ltd.,  Brantford. 

Ont. 
HoRTON,  P.  S.,  president,  Wilmington  Casting  Co.,  Wilmington,  O. 
HosTER,  Louis,  Jr.,  Bessemer  Foundry  &  Machine  Co.,  Bessemer,  Ala. 
HouPT,  Isaac  H.,  salesman,  J.  W.  Pax  son  Co.,   Philadelphia. 
HousER,  A.  C,  general   foreman.   Buckeye   Steel   Castings  Co.,  Colum-  • 

bu4  O. 
Howell,  Alfred  E.,  superintendent  of  manufactures,  Phillips  &  Buttdorflf 

Mfg.  Co.,  Nashville,  Tenn. 
Howells,  E.  H.,  master  mechanic,  Bethlehem  Steel  Co.,  Steelton,  Pa. 
Howes,  G.  W.,  general  superintendent,  Beckwith  Co..  Dowagiac,  Mich. 
Howlev,  James,  American  Metallurgical  Corp.,  Philadelphia. 
Hover,  Harry  L.,  mechanical  engineer.  Temple  Malleable  Iron  &  Steel 

Co.,  Temple,  Pa. 
Hubbard,  S.  W.,  resident  manager,  Rogers,  Brown  &  Co.,  Cleveland. 
HuBER.  E.  T.,  assistant  superintendent,  Goulds  Mfg.  Co.,  Seneca  Falls, 

N.  Y. 
HuGUs,   A.   C,   secretary.    Centre   Foundry   &   Machine   Co.,   Wheel ing. 

W.  Va. 
Hulicky,  George,  foreman,  Abendroth  Bros.,  Port  Chester,  N.  Y. 
Hull,  D.  R.,  American  Brass  Co.,  Waterbury.  Conn. 
Hull,* Foster  J.,  engineer,  Pangborn  Corp.,  Hagerstown,  Md. 
Hunt,  Arthur  P.,  George  F.  Pettinos,  Philadelphia. 
Hurlbut,  E.   G.,  general   manager,   Eastern  Malleable   Iron    Co.,   New 

Britain,  Conn. 


Iden,  V.  Gilmore,  The  Foundry,  New  York. 

Ierlen,    F.    a.,    superintendent,    American    Clay    Machinery    Co.,    Wil- 

loughby,  O. 
Impey,  H.  W.,  salesman.  Tabor  Mfg.  Co.,  Philadelphia. 
Isaac,  William  T.,  vice  president,  Gurney  Heater  Mfg.  Co.,  Boston. 
Isaacson,  W.,  buyer  and  salesman,  S.  Birkenstein  &  Sons,  Inc.,  Chicago. 


Jackson,  E.  E.,  factory  engineer,  General  Railway  Signal  Co.,  Roches- 
ter. N.  Y. 

Jackson.  John  S.,  salesman,  Shepard  Electric  Crane  &  Hoist  Co.,  Phil- 
adelphia. 

Jacob,  Edward  D.,  sales  engineer,  Cleveland  Osbom  Mfg.  Co.,  Cleveland. 

Jacobs,  S.  H.,  vice  president.  Fanner  Mfg.  Co..  Cleveland. 

Jamerson,  C.  H.,  vice  president,  Bavonne  Steel  Casting  Co.,  Bayonne, 
N.J. 

James,  George  H.,  pattern  superintendent,  American  Engineering  Co., 
Philadelphia. 

James,  H.  A.,  general  foreman.  General  Electric  Co.,  Erie,  Pa. 

Janssen,  W.  a.,  assistant  vice  president,  American  Steel  Foundries, 
Chicago. 

Jennings,  W.,  foreman.  Kennedy  Foundry  Co.,  Baltimore. 

Jernstrom,  C  J.,  superintendent,  Bayonne  Steel  Casting^  Co.,  Bayonne, 
N.  J. 

Jobb,  L.  L.,  general  superintendent,  Canada  Iron  Foundries,  Montreal. 

Johnson,  C.  E.,  president.  Piston  Ring  Co.,  Muskegon,  Mich. 
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Johnson,  Charles  S.,  representative,  New  Haven  Sand  Blast  Co..  Xew 

Haven,  Conn. 
Johnson,  J.   Herbert,  assistant   sales  manager,   Norton   Co.,   Worcester, 

Mass. 
Johnson,  Oscar  A.,  plant  engineer,   Ameridan   Engineering   Co.,    Phila- 
delphia. 
Johnson,  William  N.,  superintendent,  Philadelphia  Roll  &  Machine  Co., 

Philadelphia. 
Johnston,  E.  D.,  president,  P.  H.  &  F.  M.  Roots  Co.,  Connersvillc,  Ind. 
Johnston,  J.  H.,  treasurer,  Taylor- Wilson  Mfg.  Co.,  Pittsburgh. 
Johnston,  S.  T..  vice  president,  The  S.  Obermaycr  Co^  Chicago. 
Johnston,  W.   S.,   foundry   foreman,   Pittsburgh   Valve  &   Fittings   Co., 

Barberton,  O. 
Jones,  A.  A.,  works  manager,  International  Harvester  Co.,   Chicago. 
Jones,  A.  H.,  works  superintendent,  American  Woodworking  Machincr>- 

Co.,  Rochester,   N.  Y. 
Jones,   D.  J.,   superintendent  of    foundry,    Barnett   P'oundry   &    Machine 

Co.,  Newark,  N.  J. 
Jones,  Edmokd,  iron  foundry  foreman,  Fairbanks  Valve  Co.,   Bingham- 

ton,  N.  Y. 
Jones,    Franklin    S.,    foreman,    Worthington    Pump   &   Machine    Corp., 

Holyoke,  Mass. 
Jones,  G.  B.,  toundr>'  foreman,  Continental  Gin  Co.,  Atlanta,   Ga. 
Jones,  Jesfe  L.,  metallurgist,  Westinghouse   Electric  &  Mfg.   Co.,    East 

Pittsburgh,  Pa. 
Jones,  W.  G.,  vice  president  and  general  manager,  W.  A.  Jones  Foundr>' 

&  Machine  Co.,  Chicago. 
Jordan,  James,  Chas.  C.  Kawin  Co.,  Chicago. 

Jordan,  R.  F.,  Boston  manager,  Sterling  Wheelbarrow  Co.,  Milwaukee. 
Joyce,  Walter  J.,  foundr>'  foreman.  Hunt-Spiller  Mfg.  Corp.,  Boston. 
JuDSON,  L.  C,  engineer,  Acheson  Graphite  Co.,  Niagara  Falls.  N.  Y. 
Jurack,  Charles  C,  general   manager,  Charles  Jurack  Pattern    Works, 

Milwaukee. 


Kaelin,  F.  T.,  chief  engineer,  Shawinigan  Electro  Metals  Co.,  Montreal. 

Kahn,  Bertram  B.,  works  manager,  Estate  Stove  Co.,  Hamilton,  O. 

Kaine,  Walter  F.,  president.  T.  P.  Kelly  &  Co.,  Inc.,  New  York. 

Kann,  G.  H.,  president,  Pittsburgh  Crushed  Steel  Co.,  Pittsburgh. 

Kann,  R.  S.,  sales  agent,  Pittsburgh  Crushed  Steel  Co.,  Pittsburgh. 

Karapetoff,  Vladimir,  professor  of  electric  engineering,  Cornell  uni- 
versity, Ithaca,  N.  Y. 

Karliner,  H.  C,  superintendent  foundry,  Bonney  Floyd  Co.,  Columbus,  O. 

Kauffman,  Stanley,  metallurgist,  The  Bonney  Floyd  Co.,  Columbus,  O. 

Kauffman,    Thfx)Dore,    president.    The    S.    Obermayer    Co.,    Chicago. 

Kaveny,  Thomas,  president,  Herman  Pneumatic  Machinery  Co..  Pitts- 
burgh. 

Kaveney,  J.  J.,  foreman,  brass  foundry,  Chapman  Valve  Co.,  Spring- 
field, Mass. 

Kaye,  E.,  director.  Federal  Foundry  Supply   Co.,  Cleveland. 

Kehoe,  James  E.,  foreman,  Hunt-Spiller  Mfg.  Corp.,   Boston. 

Keller,  C.  H.,  salesman,  Bullard  Machine  Tool  Co.,   Bridgeport,   Conn. 
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Keller,  H.  D,  plant  manager,  Homer  Furnace  Co.,   Homer,  Mich. 
Keller,  John  F.,  foundry  superintendent.  Homer  Furnace  Co.,   Homer, 

Mich. 
Keller,  J.   M.,  manager   foundries,   American   Car  &   Foundry   Co.,  St. 

Louis. 
Kelley,  Henry  D.,  district  manager.  Metal  &  Thermit  Corp.,  Pittsburgh. 
Kelley,  John  T.,  salesman.  Whitehead  Bros.,  New  York. 
Kelly,  A.  E.,  salesman,   Debcvoisc-Andcrson  Co.,  New  York. 
Kelly,  E.  M.,  purchasing  agent,  Philadelphia  Roll  &  Machine  Co.,  Phil- 

adelpliia. 
Kelly,  John  M.,  superintendent,  Kelly-Cohen  Foundry  Co.,  Canton,  O. 
Kelly,  Patrick,  foreman,  Utica  Heater  Co.,  Utica,  N.  Y. 
Kelly,  R.  M.,  foundr>'  superintendent,  Frick  Co.,  Waynesboro,  Pa. 
Kelly,  W^   H.,  general  manager,  The   Kelly-Cohen  Foundry  Co.,   Can- 
ton,  O. 
Kennedy,   A.   J.,   president,   Sandv   Hill   Iron  &  Brass  Works.   Hudson 

Falls,   N.  Y. 
Kennedy,  J.  C,  manager,  Kennedy  Valve  Mfg.  Co.,  Elmira,  N.  J. 
Kennedy,  Joseph  P.,  president,  Kennedy  Foundry  Co.,  Bahimorc. 
Kennedy,   Matt,   superintendent   steel   department,   William   Kennedy   & 

Sons  Co.,  Ltd.,  Owen  Sound,  Ont. 
Kennedy,  P.  J.,  general  superintendent,  Kennedy  Foundry  Co.,  Baltimore. 
Kennery,    Martin    H.,    foundry    superintendent,    North    &    Judd,    New 

Britain,  Conn. 
Ker,  C.  S.,  salesman,  Hickman-Williams  Co.,  Philadelphia. 
Kern,  J.  T.,  proprietor,  Durham  Foundry  &  Machine  Works,  Durham, 

N.  C 
Kern,  R,  B.,  Link  Belt  Co.,  Philadelphia. 
Kerwin,  H.  E.,  5alesman,  Carborundum  Co.,  Chicago. 
Keshain,   H.   G.,   metallurgist,   Waterbur>'   Mfg.    Co.,   Watcrbur>',   Conn. 
Ketner,  Pai'l  D.,  labor  foreman,  Temple  Iron  &  Steel  Co.,  Temple.  Pa. 
Keuthan,  C.  F.,  manager,  Miami  Cycle  &  Mfg.  Co.,  Middletown,  O. 
KiEFER,  R.  E..  salesman,  Cleveland  Osborn  Mfg.  Co.,  Cleveland. 
Kilpatrick.  Albert,  president,  A.  Kilpatrick  Sons  Foundry,  St.  Louis. 
Ktlpatrick.   Alex,   sccretar>'  and   treasurer,   A.   Kilpatrick  &   Sons   Co., 

St.  Louis. 
KiMBER,   H.   A.,   vice   president,   Quigley    Furnace    Specialties    Co.,    New 

York. 
KiNEY.  J.  A.,   Carborundum   Co.,   Niagara  Falls,   N.  Y. 
Kingsley,  a,   a.,  assistant   superintendent,   Eastern   Malleable   Iron   Co., 

New   Britain,   Conn. 
KiNNE,  J.  S.,  treasurer.  Riverside  Steel  Casting  Co.,  Newark,  N.  J. 
Kinsell,   W.   L.,   superintendent   forge   and   machine   department,    Wcst- 

inghouse  Electric  &  Mfg.  Co.,  Lester,   Pa. 
Kirk,  Dr.  Edv/ard,  Philadelphia. 

KiRSCHE,  William  R.,  foreman,  Fletcher  Works,  Philadelphia. 
Kittle,    J.    M.,    assistant    manager   and    superintendent,    Ohio    Malleable 

Iron  Co.,  Columbus,  O. 
Klein,  J.  B.,  J.  B.  Klein  Iron  &  Foundry  Co..  Oklahoma  City,  Okla. 
Klein,    Peter    C,    foreman,    Acme    Palmers    &    DeMooy    Foundry    Co., 

Cleveland. 
Klenring,  Charles  W.,  assistant  works  manager,  Camden  Iron  Works, 

Camden,   N.   J. 
Klinck,   F.  E.,  mechanical  engineer  and   metallurgist,   H,   M"clkr  Mfg. 

Co.,  Decatur,  111. 
Kline,  G.  P.,  foieman,  Vulcan  Works,  Wilkes-Barre,  Pa, 
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Kline,  J.  R,  Crcsson  Morris  Co.,  Philadelphia. 

Kline,  Lewis  T.,  Alpena  Industrial  Works,  Alpena,  Mich. 

Klockaks,  Ckari.es  O.,   superintendent,   Essex  Foundry,   Newark,    N.    J. 

Klohs,   F.   a.,   assistant  manufacturing  superintendent,  Ohio   Brass   Co., 

Mansfield,  O. 
Klooz,   E.   E.,  vice  president   and  general  manager.   Portage   Silica   Co., 

Youngs  town.  O. 
Knapp,   J.    F.,    foundry   superintendent,    Stockton    Pipe   &   Fittings    Co., 

Birmingham,    Ala. 
Knapp,  Norman  G.,  manager.  Gray   Foundry,  Inc.,  Poultney,  Vt. 
jCnatt,  William   S.,  superintendent,  Eastern   Malleable  Iron  Co.,   Troy, 

N.  Y. 
Knauf,  George  K.,  chief  engineer,  Camden  Iron  Works,  Camden,  N.  J. 
Knoblock,   John    C,   dry    san:l    foreman,   Warren    Foundry   &    Machine 

Co.,  Phillipsburg,  X.  J. 
Knowlton,   C.   F.,    superintendent,   Westinghouse   Electric  &    Mfg.    Co., 

Cleveland. 
Koch,    Arthur    H.,    pattern    foreman,    Massey    Harris    Harvester    Cg., 

Batavia,  N.  Y. 
Koch,  C.  S.,  president,  Fort  Pitt  Steel  Castings  Co.,  McKeesport,   Pa. 
Koch,  George  B.,  chemist  and  metallurgist,  Pennsylvania  Railroad  Co., 

Altoona,   Pa. 
Koch,  R.  C,  district  sales  engineer,   Pangborn   Corp.,   Hagerstown,   Md. 
KoEPKE,  John,  foundry  superintendent,  Traylor  Engineering  &  Mfg.  Co.. 

Allentown,  Pa. 
KoHNLE,  George  J.  G.,  assistant  purchasing  agent,  David  Lupton's   Sons 

Co.,  Philadelphia. 
Koppen,  a.,  sales  manager,  Christopher  &  Simpson,  St.   Louis. 
Kramer,  George  H.,  president,  Kramer  Bros.   Foundry  Co.,  Dayton,  O. 
Kranz,  Fred  A.,  Lycoming  Foundry  &   Machine   Co.,   Williamsport,  Pa. 
Krauss,  F.  v.,  president,   Portsmouth  Stove  &   Range  Co.,   Portsmouth, 

O. 

Kremer,  I.  F.,  salesman,  J.  W.  Paxson  Co.,  Philadelphia. 

Kreulen,  W.,  foundryman,  C.  C.  Kawin  Co.,  Chicago. 

Kreutzberg,  E.  C,  assbciate  editor,  The  Iron  Trade  Reviexv,  New  York 

Krill,  A.  R.,  foreman.  New  Jersey  Zinc  Co..  Palmerton,  Pa. 

Kroff,  C,  general  foreman,  The  Bcttendorf  Co.,  Bettendorf,  Iowa. 

Krueger,  M.,  president,  San  Antonio  Machine  &  Supply  Co.,  San  An- 
tonio, Tex. 

Krupp,  J.  A.,  purchasing  agent   Landis  Tool  Co.,  Waynesboro,    Pa. 

Krupp,  L.  a.,  superintendent,  Huc.-cyc    Trartiou  l>itclier  Co.  Findlay.  O. 

KuEBLER,  William,  chemist.  Westinghouse  Electric  &  Mfg.  Co.,  Essing- 
ton,  Pa. 

KuHN.s   R-   W.,   superintendent,   Kuhns    Bros..    Davtoii,    O. 

KuMMERER,  Samuel  F!.,  foundry  salesman.  Cros.son  Morris  Co ,  Phila- 
delphia. 

Ki'NTZ,  George  H.,  foundry  superintendent.  Stcacv  Schmidt  Co.,  York. 
Pa. 

KuRTEE,  John   F.,   foreman,   Kennedy   Foundry,   Baltimore,   Md. 

Kvlen,  E.  a.,  assistant  foundry  foreman,  Pusey  &  Jones  Co-  Wilming- 
ton, Del. 
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Lacy,  Joseph  J.,  president,  James  J.  Lacy  Co.,  Baltimore,  Md. 

Lakin,  J.  W.,  foundry  superintendent,  Fisher  Body  Corp.,  Detroit. 

Lambert,  E.  J.,  foundry  manager,  E.  C.  Stearns  Co.,  Syracuse,  N.  Y. 

Lambkin,  G.  H.,  salesman,   Sterling   Wheelbarrow   Co.,   Milwaukee. 

Lammers,  F.  W.,  secretary-treasurer,  Cincinnati  Steel  Castings  Co.,  Cin 
cinnati. 

Landgraf,  E.  C,  superintendent.  Liberty  Foundries   Co.,   Rockford,   111. 

Landsdowne,   D.   p.,  vice   president   and   secretary.    West    Steel    Casting 
Co.,  Cleveland. 

Lane,  G.  H.,  York  Mfg.  Co.,  York,  Pa. 

Lane,  H.  M.,  president,  H.  M.  Lane  Co.,  Detroit. 

Largston,  W.  J.,   local  superintendent,   Canada    Iron    Foundries,   Three 
Rivers,  Que. 

La.ssen,  C,  Smidth-Lewis  Foundry,  Inc.,  Elizabeth,  N.  J. 

Laucks,  J.  H.,  foimdry  superintendent,  S.  J.  Creswell  Iron  Works,  Phil- 
adelphia. 

Law,  B.  N.,  Chicago  district  manager,   Air   Reduction   Sales   Co.,   New 
York. 

Lawlor,  J.  J.,   superintendent.   Union   Foundry   Co.,   Pittsburgh. 

Laws,  H.  M.,  assistant  foundry  superintendent,  Eastern  Malleable  Iron 
Co.,  Wilmington,  Del. 

Lawion,  L.  H.,  general  manager,  Jonathan  Bartley  Crucible  Co.,  Tren- 
ton, N.  J. 

Lawton,  Lewis,  Sr.,  Jonathan  Bartley  Crucible  Co.,  Trenton,  N.  J. 

Laycock,  R.  M.,  American  Foundry  Equipment  Co.,  New  York. 

Lawrence,  E.   T.,   mechanic,   American    Foundry   Equipment   Co.,    New 
York. 

Lee,  M.  W.,  secretary.  Frank  D.  Chase,  Inc.,  Chicago. 

Leishman,   J.    A.,   superintendent,    Continental    Heater    Corp.,    Dunkirk, 
N.  Y. 

Lell,  Charles,  assistant  superintendent,  Hempfield  Foundry  Co.,  Greens- 
burg,  Pa. 

Lent,   Thomas   K.,    foundry   superintendent,    W.    M.    Crane    Co.,    New 
York. 

Lephart,  R.   p.,  vice  president  and  general  manager,   Richmond   Struc- 
tural  Steel   Co.,  Richmond,   Va. 

Lesh,  L  B.,  general  superintendent.  Railway  Materials  Co.,  Toledo,  O. 

Levine,  a.  H.,  sales  manager,  David  Lupton  Co.,  Philadelphia. 

Lewey,  G.  Lm  manager  steel  wheel  department,  West  Steel  Casting  Co., 
Cleveland. 

Lewis,   E.  S.,  salesman,  Tabor   Mi^.  Co.,   Philadelphia. 

Lewis,  T.  W.,  Smidth-Lewis  Foundry,  Inc.,  Elizabeth,  N.  J. 

Lewis,  W.,  president.  Tabor  Mfg.  Co.,  Philadelphia. 

LiEDTKE,  H.  F.,  designing  engineer,   Pangbom  Corp.,   Hagerstown,   Md. 

LiLYGREEN,  F.   G.,   Superintendent,  American   Hoist   &   Derrick   Co.,    St. 
Paul. 

LiND,  H.  A.,   foreman,   General   Electric   Co.,    Pittsfield,   Mass. 

Lindsay,  Jr.,  A,   H,   foundry   foreman,   Hunt-Spiller   Mfg.   Corp.,   Bos- 
ton. 

Lindsay,  G.  I.,  president,  American  Gum  Products  Co.,  New  York. 

LiNDSEY,  William,   superintendent.   Vibrating   Machinery   Co.,   Chicago. 

Lindstrom,  R.  L.,  metallurgist,  Canadian  Steel  Foundry,  Montreal,  Que. 

Link,  A.  P.,  Hauck  Mfg.  Co..  Brooklyn  N.  Y. 

Link  A.  W.  Bay  View  Foundry  Co.  Sandusky,  O. 

Link,  O.  P.,  superintendent.  Bay  View  Foundry  Co.,  Sandusky,  O. 

Linthicum,  E.  E.,  president,  National  Cast  Iron  Pipe  Co.,  Birmingham. 
Ala. 
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LiRRELL,  J.,  general  foreman,  Warren  Foundry  &  Machine  Co.,  Phillips- 
burg,  N.  J. 
Little,  J.  H.,  sales  agent,  General  Electric  Co.,  Philadelphia. 
Little,  J.   W.,  superintendent   foundry,    Landis   Tool   Co.,  Waynesboro, 

Pa. 
LiVAN,    H.    B.,    superintendent    of    foundries,    Cadillac    Motor    Car    Co^ 

Detroit. 
LiVERGOOD,  C.   L.,   order  clerk.   Union   Mfg.   Co.,   Boyertown,    Pa. 
Locke,  J.   H.,  assistant   to  general   manager,   Commonwealth    Steel    Co., 

St.  Jwouis. 
Lodge,  W.  J.,  vice  president.  Lodge  Mfg.  Co.,  S.  Pittsburgh,  Tenn. 
Loehing,  H    L..  Temple  Malleable  Iron  &  Steel  Co.,  Temple,  Pa. 
Logan,    D.    K.,    mechanician,    American    Foundry    Equipment    Co.,    New 

York. 
LoNDENSLAGER,  C.  E.,  foreman,  Bethlehem  Steel  Co.,  Steelton,  Pa. 
Long,  D.  P.,  general  superintendent,  Ix>ng  &  Allstatter  Co.,  Hamilton,  O. 
Long,  G.  A.  T.,  expert   foundryman,   Pickands,  Brown  &  Co.,  Chicago. 
LoNGAKER,  E.  S.,  Temple  Malleable  Iron  &  Steel  Co.,  Temple,   Pa. 
Lord,  E.  E.,  inspection  engineer,  Sargent  &  Co.,  New  Haven,  Conn. 
LoRENZ,  A.  W.,  chief  chemist,   Bucyrus   Co.,   South   Milwaukee,   Wis. 
LouTREL,    L.    F.,    department    manager,    Fairbanks    Morse    &    Co.,    New 

York. 
Lowe,  A.  R.,  eastern  United  States  manager,   MacLean  Publishing  Co., 
.     Toronto,  Ont. 

LowRiE,  M.  M.,  engineer,  W.  W.   Sly  Mfg.  Co.,  Cleveland. 
Lucas,    J.,    foundry    superintendent,    Lewis    Foundry    &    Machine    Co., 

Groveton,  Pa. 
LuETHjOHN,    F.    J.     foundry    foreman,    Walworth    Run    Foundry    Co., 

Cleveland. 
LuNDBERG,  Charles,  Philadelphia  manager.  The  Iron  Age,  Philadelphia. 
Lynch,   D.  M.,   foundry   superintendent,   Saco-Lowell   Shop,   Boston. 
Lynde,  D.  R.,  purchasing  agent.  United  Iron  Works,  Inc.,  Kansas  City, 

Mo. 
Lytle,  W.  C,  sales  engineer,  Pangborn  Corp.,  Hagerstown,   Md. 


McAdams,  John,   foreman,   Pusey  &  Jones    Co.,   Wilmington,   Del. 
McAnally,    James,    superintendent    of    foundry,    Bethlehem    Steel    Co, 

Sparrows  Point,  Md. 
McArthur,  C.  E.,  superintendent,  Greenlee   Foundry  Co.,   Chicago. 
McAviTY,  G.  C,  manager,  T.  McAvity  &  Sons,  Ltd.,  St.  John,  N.  B. 
McCarte,  Alexander,   foundry  superintendent,   E.  &  T.  Fairbanks   Co., 

St.  Johnsbury,   Vt. 
McCarty,    J.    G.,    sales    representative.    Metal    &    Thermit    Corp.,    New 

York. 
McCaulay,  L.  G.,  manager,   Fairbanks  Co.,   Binghamton,   N.   Y. 
McClave,  W.  R.,  secretary,  McClave  Brooks  Co.,  Scranton,  Pa. 
McCleary,  J.  L.,  purchasing  agent,  Frick  Co.,  Waynesboro,  Pa. 
McCleary,  John  C,  foundry  foreman.  Frick  Co.,  Waynesboro,   Pa. 
McClure,  S.  E.,  salesman,  Ajax   Metal  Co.,  Philadelphia. 
McCormick,  J.  S.,  president,  J.  S.  McCormick  Co.,  Pittsburgh. 
McCulloch,   Leon,   chemist,    Westinghouse    Electric   &    Mfg.    Co.,    East 

Pittsburgh. 
McCullough,  W.  L.,  superintendent.  W.  L.  McCullough  Co.,  Ypsilanti, 

Mich. 
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McDevitt,  J.  J.,  salesman^  S.  Obermayer  Co.,  Milwaukee. 

McDonald^  P.,   foundry   foreman,  Fanner   Mfg.  Co.,   Cleveland. 

McFadyen,   J.   J.,   superintendent,   Gait   Malleable    Iron    Co.,   Gait,    Ont. 

McGlynn^  J.  B.,  superintendent,  West  Steel  Casting  Co.,  Cleveland. 

McGreedy,  R.  H.,  sales  manager,  Shepard  Electric  Crane  &  Hoist  Co., 
Montour  Falls,  N.  Y. 

McGraw,  M.  L.,  superintendent,  Gray  Foundry,  Inc.,  Poultney,  Vt. 

McGregor,  F.,  foreman,  American  Steel  Foundry  Co.,  Chester,  Pa. 

McIntosh,  J.  VV.,  foundry  superintendent,  A.  P.  Smith  Co.,  East  Or- 
ange, N.  J. 

McKee,  W.  N.,  works  manager.  Aluminum  Castings  Co.,  Cleveland. 

McKelvey,  J.  E.,  president,  American  Wood  Working  Machinery  Co., 
Rochester,  N.  Y. 

McKiNNEY,  W.  S.,  salesman,  Westinghouse  Electric  Mfg.  Co.,  Pitts- 
burgh. 

McKinnon,  H.  L.,  C.  O.  Bartlett  &  Snow  Co.,  Cleveland. 

McKiNNON,  J.,  foundry  manager,  McKinnon  Industries,  St.  Catharines, 
Ont. 

McLain,  D.,  president  and  manager,  McLain's  System,  Inc.,  Milwaukee. 

McMaroney,  L.,  Darling  Valve  &  Mfg.  Co.,  Williamsport,  Pa. 

McNaMara,  A.  P.,  superintendent,  Albany  Foundry  Co.,  Albany,  N.  Y. 

McNamara,  J.  J.,  foreman,  Hunt-Spiller  Mfg.  Corp.,  Boston. 

McNamara,  P.  J.,  proprietor,  McNamara  Koster  Foundry  Co.,  Indian- 
apolis* Ind. 

McPadden,  T.  K.,  secretary,  Quigley  Furnace  Specialties  Co.,  New  York. 

McViker,  Thomas   P.,  manager.  Young  Bros.  Co.,  Detroit. 

McWane.  H.  E.,  assistant  to  president,  Lynchburg  Foundry  Co.,  Lynch- 
burg, Va. 

McWa^je.  L.  H.,  president,  Lynchburg  Foundry  Co.,  Lynchburg,  Va. 

Marr,  W.  C,  Westinghouse  Electric  &  Mfg.  Co.,  Essington,  Pa. 

MacCartnev,  J.  T.,  foundry  foreman,  Lehigh  Valley  Coal  Co.,  Drifton, 
Pa. 

MacDon.vld,  D.  H.,  works  manager,  Wickes   Brothers,   Saginaw,  Mich. 

MacDonald,  Robert,   Bethlehem   Steel   Co.,   Bethlehem,   Pa. 

MacDonald,  W.  T.,  purchasing  agent,  Fletcher  Works,  Philadelphia. 

MacDonough,  p.  T.,  treasurer,  L.  W.  Pond  Machine  &  Foundry  Co., 
Worcester,   Mass. 

MacDougall.  a.,  New  York  manager,  Ajax  Metal  Co.,  Philadelphia. 

MacGrecor,  W.,   manager  plant,   Timken-Detroit   Axle   Co.,    Canton,   O 

Machov,  a.  B.,  pattern  superintendent.  Aluminum  Castings  Co.,  De- 
troit. 

Macintosh,  D.,  foundry  superintendent,  Louis  Sacks,  Inc.,  Newark, 
N.  J. 

Macintosh,  Wjliam  G..  superintendent,  M.  W.  Kellogg  Co.,  Jersey 
City,  N.  J. 

MacLeav,  W.  B.,  electric  furnace  melter,  Sullivan  Machinery  Co., 
Claremont,  N.  H. 

Macon,  W.  \V.,  managing  editor.  The  Iron  Age,  New  York. 

MacPherran,  R.  S.,  chemist,  Allis  Chalmers  Mfg.  Co.,   Milwaukee. 

Magargol.  H.  C,  foreman,  lenders,  Frary  &  Clark,  New  Britain,  Conn. 

Magill,  C.   E.,  engineering  head.  Aluminum   Castings  Co.,  Buffalo. 

Magunson.  a.  v.,  salesman,  Davenport  Machine  &  Foundry  Co.,  Dav- 
enport,  Iowa. 

Maher.  .1.  J.,  foundry  foreman,  Chattanooga  Implement  Co.,  Chatta- 
nooga, Tenn. 
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Mahon,  J.  L.,  superintendent  of  foundries,  American  Car  &  Foundry 
Co.,  Detroit. 

Malcolm,  Thomas,  president,  Riverside  Steel  Casting  Co.,  Newark, 
N.  J. 

Malev,  R.  C,  sales  engineer.  Whiting  Foundry  Equipment  Co..  Har- 
vey,  111. 

Malone,  T.  E.,   secretary,   J.   S.   McCormick   Co.,   Pittsburgh. 

Mann,  Alexander,  cost  accountant,  Cleveland-Osborn  Mfg.  Co.,  Cleve- 
land. 

Mann,  Ira,  foundry  superintendent.  Novo  Engine  Co.,  Lansing,   Mich. 

Manning,  R.  E.,   salesman,  Cleveland  Pneumatic   Tool   Co.,    Cleveland. 

Margerum,  Charles,  manager.  The  Connecticut  Electric  Steel  Co.,  Inc., 
Hartford,  Conn. 

Marsden,  F.  W.,  pattern  shop  superintendent,  Goodman  Mfg.  Co., 
Chicago. 

Marso,  L.  W.,  sales  engineer,  Quigley  Furnace  Specialties  Co.,  Ncvf 
York. 

Martens,  H.,   foundry   clerk,   Pusey   &  Jones   Co.,   Wilmington,    Del. 

Martin,  D.  J.,  salesman.  Tabor  Mfg.  Co.,  Philadelphia. 

Martin,  H.,  foreman,  Flockhart  Foundry  Co.,  Newark,  N.  J. 

Martins,  H.,  president.   Enterprise  Foundry   Co.,   San   Francisco. 

Martz,  I.  L.  B.,  salesman,  American  Car  &  Foundry  Co.,  Berwick,  Pa. 

Mason,  O.  W.,  Hickman,  Williams  &  Co.,  Philadelphia. 

Maston,  R.  T.,  advertising  manager,  American  Wood  Working  Ma- 
chinery Co.,   Rochester,  N.   Y. 

Matchett,  S.  J.,  superintendent  of  inspectors,  Bonney  Floyd  Co.,  Col- 
umbus, O. 

Mather,  A.  J.,  foundry  superintendent,  Walworth  Mfg.  Co.,  Kewanee, 
111. 

Mather,  G.   C,  service  man,  Oxweld   Acetylene   Co.,   Newark,   N.   J. 

Mathews,  A.  J.,  assistant  superintendent.  Standard  Steel  Castings  Co., 
Cleveland. 

Matthews,  C.  D.,  general  manager,  Camden  Iron  Works,  Camden,  N.  J. 

Matthews,  F.  L.,  president  and  treasurer,  Waller  Hardware  &  Foundry 
Co.,   Horseheads,   N.   Y. 

Matthew.  H.  T.,  Quigley  Furnace  Specialties  Co..   New  York. 

Matts,  C.  H.,  brass  foundry  superintendent,  Goodman  Mfg.  Co.. 
Chicago. 

Maurhoff,  p.  a.  L.,  supervising  sales  engineer,  Oxweld  Acetylene  Co. 
Newark,  N.  J. 

Maxon,  W.   L.,   New  Jersey  Zinc  Co.,   Palmcrlon,   Pa. 

Maxwell,  H.  W.,  superintendent,  Maxwells,   Ltd.,   St.   Marys,  Ont. 

Maybank.  W.,   salesman,   The   E.  J.   Woodison    Co.,    Detroit. 

Mayward,  C.  D.,  secretary-treasurer.  Buckeye  Traction  Ditcher  Co., 
Findlay,  O. 

Mead,  Edward  A.,  salesman.  The  E.  J.  Woodison  Co.,  South  Boston, 
Mass. 

Meaner,  J.  B.,   foreman,  Cyclops  Foundry   Co.,   Pittsburgh. 

Meanley,  M.  B.,  secretary  and  treasurer,  Jones  Hollow  Ware  Co., 
Baltimore. 

Meeks,  F.  E.,  district  manager,  Shepard  Electric  Crane  &  Hoist  Co., 
Pittsburgh. 

Meister,  W.  F.,  general  manager,  Patten  Bros.  Co.,  Marietta,   O. 

Mellon,  James   A.,   engineer,    American    Engineering   Co.,    Philadelphia. 

Menefee.  C.  M.,  president,   Menefee  Foundry  Co.,  Fort   Wayne,   Ind. 

Meren,  T.  P.,  foreman,  Kennett  Foundry  &  Machine  Co.,  Kennett 
Square,    Pa. 
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Merkel,  a.  W.,  superintendent.  Continental  Gin  Co.,  Atlanta,  Ga. 

Mebkel,  H.   Hays,  salesman,   Treadwell   Engineering  Co.,   Easton,   Pa. 

Merkt,  O.  L.,  engineer,  Westinghouse,  Church,   Kerr  Co.,   New   York. 

Merrill,  Alden,  chemist,  American  Brass  Co.,  Waterbury,  Conn. 

Merriman,  M.  W.,   manager,  Madison   Foundry  Co.,   Cleveland. 

Merriman,  T.  C,  metallurgist,  Winchester  Repeating  Arms  Co.,  New 
Haven,  Conn. 

Merry,  A.  R,  mechanical  superintendent,  General  Electric  Co.,  Eric,  Pa. 

Merwin,  J.  C.,  Chain  Belt  Co.,  Milwaukee. 

Messinger,  C.  R.,  vice  president  and  general  manager,  Sivyer  Steel 
Casting  Co.,   Milwaukee. 

Mbtcalf,  E.  C,  president.  Westmoreland  Malleable  Iron  Co.,  Westmore- 
land, N.  Y. 

Meyer,  Albert,  superintendent,  Abram  Cox  Stove  Co.,  Philadelphia. 

Meyer,  Adolph,  foreman,  Sweet  &  Doyle  Foundry  &  Machine  Co., 
Green  Island,  N.  Y. 

Meyer,  L.  R.,  foundry  superintendent,  Inter-State  Car  Co.,  Indian- 
apolis, Ind. 

Meyer,  P.  A.,   salesman,   General   Electric   Co.,   Philadelphia. 

Miller,  A.  C,  American  Abrasive  Metals  Co.,  Irvington,  N.  J. 

Miller,  A.  H.,  pattern  foreman,  American  Abrasive  Metals  Co..  New 
York. 

MiLLLER^  Alfred,  Whitehead  Bros.,  New  York. 

Miller,  C.  C,  Dodge  Bros.,  Detroit. 

Miller,  C.  P.,  foundry  superintendent,  Universal  Winding  Co.,  Provi- 
dence, R.  I. 

Miller,  C.  L.,  auditor,  J.  W.  Paxson  Co.,  Philadelphia. 

Miller.  E.  E.,  vice  president,  Basic  Mineral  Co.,  Pittsburgh. 

Miller,  E.  P.,  general  manager,  Lennox  Furnace  Co.,  Marshalltown. 
Iowa. 

Miller,  E.  T.,  executive  secretary,  Chicago  Foundrymen's  association. 
Chicago- 

Miller,  F.  J.,  engineer.  Darling  Valve  &  Mfg.  Co.,   Williamsport,   Pa. 

Miller,  H.  H.,  salesman,  Quigley  Furnace  Specialties  Co.,   New   York. 

Miller,  J.  D.,  mechanical  engineer,  Bond  Foundry  &  Machine  Co.,  Man- 
heim,  Pa. 

Miller,  J.  G.,  western  representative,  .^jax  Metal  Co.,   Philadelphia. 

Miller,  T.  H.,  .superintendent,  Grey  Iron  Casting  Co..  Mt.  Joy,   Pa. 

Miller,  Paul  H.,  cost  clerk.  Union  Mfg.  Co..  Boyertown,  Pa. 

Miller,  W.  W.,  vice  president.  International  Molding  Machine  Co., 
Chicago. 

MiLLiKEN,  N.  C,  factory  engineer  and  chemist,  Moline  Malleable  Iron 
Co.,  Poughkeepsie,  N.  Y. 

Mills,  Charles,  consulting  engineer,  Saco-Lowell  Shop.  Boston. 

Mills,  G.  P.,  sales  agent,  General  Electric  Co.,  Philadelphia. 

Mills,  R.  C,  works  manager,  Manufacturers  Foundry  Co.,  Waterbury 
Conn. 

Milne,  Alexander,  erecting  engineer,  Sullivan  Machinery  Co.,  Chicago 

MiLNOR,  Thomas  W.,  president,  Kline  Hardware  Co.,  Allentown,  Pa. 

MiNiCH,  V.  E.,  president,  American  Foundry  Equipment  Co.,  New  York. 

MiNiER,  W.  C,  district  manager,  Shepard  Electric  Crane  &  Hoist  Co., 
Montour  Falls,  N.  Y. 

Mitchell.  James,  general  manager,  The  Cleveland  Co-operative  Stove 
Co.,  Cleveland. 

Mitchell,  S.  W.,  general  superintendent,  Philadelphia  Roll  &  Machine 
Co.,  Philadelphia. 
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MoFFETT,  Charles,  foreman  foundry,  Whitin  Machine  Works,  Whitins- 
villc,  Mass. 

MoGENSEN/  O.  E.,  vice  president,  Smidth-Lewis  Foundry,  Inc.,  Eliza- 
beth, N.  J. 

MoHR.,  E.  J.,  assistant  to  vice  president,  T.  H.  Symington  Co.,  Roches- 
er,  N.  Y. 

MoHR,  G.  R.,  J.  J.  Mohr  &  Son,   Philadelphia. 

MoHR.^  J.  Ferguson,  salesman,  J.  J.  Mohr  &  Son,  Philadelphia. 

MoLDENKE,  Dr.  Richard,  Watchung,  N.  J. 

MoLDER,  H.  M.,  manager.  Best  Foundry  Co.,  Bedford,  O. 

Monroe,  Archie,  superintendent,   Fremont   Stove  Co..   Fremont,   O. 

Monroe,  James,  engineer,  Link  Belt  Co.,   Philadelphia. 

Montressor,  B.  a.,  foreman,  M.  Moody  &  Sons  Co.,  Terrebonne,  Que 

Moody,  Henry,  vice  president,  M.  Moody  &  Sons  Co..  Terrebonne,  Que 

Moore,  Fred,   foreman,   Steacy   Schmidt   Co.,   York,   Pa. 

Moore,  Fred  C,  general  manager,  Vermillion  Malleable  Iron  Co., 
Hoopeston,  111. 

Moore,  G.  W.,   E.   A.   Moore  Foundry,  Reading,   Pa. 

Moore,   H.,   superintendent,   Atlantic    Radiator   Co.,   Huntington,    Pa. 

Moore,  J.  D.,  vice  president,  Hauck  Mfg.  Co.,  Brooklyn,  N.  Y. 

Moore,  Robert  E,  vice  president  and  treasurer,  Flockhart  Foundry  Co., 
Newark,  N.  J. 

Moore,  S.  S.,  Central  States  representative,  MacLean  Publishing  Co., 
Toronto,  Ont. 

Moore,  W.  H.  S.,  superintendent  pattern  department.  West  Steel  Cast- 
ing Co.,  Cleveland. 

MoREHEAD,  J.  R.,  advertising  manager,  Rogers  Brown  &  Co.,  Cincin- 
nati. 

MORISON,  S.  B.,  salesman,  Rogers  Brown  &  Co.,  Philadelphia. 

Morse,  R.  H.,  chief  engineer,  W    W.  Sly  Mfg.  Co.,  Cleveland. 

MoTT,  A.  C,  Jr.,  vice  president,  Abram  Cox  Stove  Co.,  Cleveland. 

MouL,  H.  A.,  Scovill  Mfg.  Co.,  Waterbury,  Conn. 

Moyer,  F.  a.,  chief  electrician,  Kutztown  Foundry  &  Machine  Co., 
Kutztown,   Pa.  ^ 

Mover,  George,  foundry  superintendent.  Textile  Machine  Works,  Read- 
ing, Pa. 

MozAROSKi,  W.  F..  superintendent,  Philadelphia  Roll  &  Machine  Co., 
Philadelphia. 

Mueller,  L.  W.,  superintendent  foundries.  H.  Mueller  Mfg.  Co..  De- 
catur, 111. 

MuiR,  Charles   S.,   foundry   manager,   Fletcher   Works,   Philadelphia. 

Ml'ik.  D.  C.  Canadian   representative,   F.  J.  Woodison  Co.,   Detroit. 

MuGFORD,  J.  W..  superintendent,  J.  B.  Clow  &  Sons,  Newcomerstown,  O. 

MuLVEV,  J.  C,  foundry  superintendent,  Sowers  Mfg.  Co.,  Buffalo. 

MuNN,  L.   L.,  secretary.   Arcade   Mfg.  Co.,  Freeport,   111. 

MuNTZ.  C,  vice  president  and  general  manager,  Tropenas  Converter 
Co.,   Brooklyn.   N.   Y. 

MuRAVANXA,  T.,  manager.  Tobatta  Foundry  Co.,  Tobatta,  Fuknoka. 
Japan. 

MuRDocK,  J.  K..  demonstrator,  United  States  Molding  Machine  Co., 
Cleveland. 

Murphy.  Martin  F"..  manager  order  department,  American  Locomotive 
Co.,   .Schenectady.  N.  Y. 

MuRPHv,  S.  S..  superintendent,  Marion  Malleable  Iron  Works,  Marion. 
Ind. 

Murphy.   WjLi.iA]vr    G..    Murphy    Foundry    Co..    Beaver   Falls,    Pa. 
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A'^cuRAv,  James,  supcrinUMidcnt,  Gardner  General  Foundry  Co.,  Gardner, 

Mass. 
Murray,  W..   United   States    Radiator  Corp.,   Geneva,   N.   Y. 
Murray,  W.  C,  metallurgist,  Westinghouse  Electric  &  Mfg.  Co.,  Essing- 

ton,  Pa. 
MuRRTE.  James,  foundry  superintendent.   United   States    Radiator   Corp., 

Detroit. 
Myllett,   John,   superintendent    special    foundry,    J.    B.    Clow    &    Sons, 

Coshocton.  O. 

Nauert,  Herman,  foundry  superintendent,  Ridgway  Dynamo  &  Engine 
Co.,  Ridgway,  Pa. 

Neave,  John  P.,  foundry  foreman,  Pusey  &  Jones  Co.,  Wilmington,  Del.. 

Vkill,  B.  H.,  sales  manager,  Canadian  Machinery  Corp.,  Gait,  Ont. 

Kellis,  J.  F.,  vice  president,  Charles  C.  Kawin  Co.,  Chicago. 

Nelso.v,  E.  H.,  general  works  manager,  Griscom-Russcll  Co.,  Massillon,  O. 

Nesbitt,  Robert  H.,  sales  engineer,  Philadelphia  Roll  &  Machinery  Co., 
Philadelphia. 

New,  G.  a.,  engineer,  Hauck  Mfg.  Co.,  Brooklyn,  N.  Y. 

Newberc.  Joseph,  Bayonne  Steel  Casting  Co.,  Bayonne,  N.  J. 

Newbold,  Richard  S.,  vice  president,  R.  S.  Newbold  &  Son  Co.,  Xor- 
ristown.  Pa. 

Newbury,  H.  H.,  H.  H.  Newbury  Mfg.  Co.,  Monroe,  N.  Y. 

Newcomb,  Fred  F.,  New  England  representative,  Pilling  &  Crane,  Phila- 
delphia. 

Newcomb,  RoiiEKT  E.,  superintendent,  W'orthington  Pump  &  Machinery 
Corp.,   Holyokc,   Mass. 

Newell,  L.  W.,  treasurer  and  manager,  W'ollaston  Foundry  Co.,  Quincy, 
Mass. 

Xewton,  B.,  engineer.  Brown  &  Sharpe  Mfg.  Co.,  Providence,  R.  I. 

Nichols,  D    W.  F.,  H.  M.  Lane  Co..  Detroit. 

NiCHOLLS,  William  H.,  manager.  William  H.  Nicholls  Co.,  Brooklyn, 
X.  Y. 

Nicholson*.  H.  L.,  works  manager,  Westinghouse  Air  Brake  Co.,  Pitts- 
burgh. 

NiCHT.  J.,  works  superintendent,  Moline  Plow  Co.,  Poughkeepsie,  N.  Y. 

NiMAN,  M.  G..  president.  National  Foundry  Co.,  Brooklyn,  N.  Y. 

NiTMAv,  Walter  F.,  general  manager.  Eastern  Malleable  Iron  Co.,  Troy, 
N.  Y.  .'      .    .  . 

Nivelso-v.  E.mil,  works  accountant,  Bethlehem  Shipbuilding  Corp.,  Eliza- 
beth, X.  J. 

Noll,  Ezr\,  master  mechanic,  Temple  Malleable  Iron  &  Steel  Co., 
Temple.  Pa. 

XooNAN*.  \  icioR  T.,  director  of  safety,  Bethlehem  Shipbuilding  Corp., 
Quincy,  Mass. 

Norman,   R.   B.,  salesman.   Cleveland  Pneumatic  Tool   Co.,   Cleveland. 

NoRRis,  James  K..  Utica  Heater  Co.,  Utica,  X.  Y. 

NouRSK,  R.  A.,  vice  president  and  general  manager,  Stowell  Co.,  S. 
Milwaukee,  Wis. 

NuTT.  RoBERi  F.,  foundry  superintendent.  Western  Machinery  Co.,  Los 
Angeles. 

Nutter,  O.   E.,  agent.   Xewton   shop,   Saco-Lowell   Shops,   Boston. 

NuiTiNG.  Elijah   (i.,  president   Xutting  Truck  Co.,   Fairbault,   Minn. 

XuTTiNG,  Walter  M..  Xutting  Truck  Co.,  Fairbault,  Minn. 
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Oates,  E.  F.,  Eastern  representative,  Young  Bros.  G).,  Detroit. 

Oatman,  a.  B.,  engineer,  Acheson  Graphite  Co.,  Niagara  Falls.   N.  Y. 

Oberhelman,  Wiluam,  vice  president.  The  Hill  &  Griffith  Co.,  Birming- 
ham, Ala. 

O'Brien,  E.  J.,  superintendent  locomotive  shops,  Vulcan  Iron  Works. 
Wilkes-Barre,  Pa. 

O'Brien,  John,  foundry  superintendent,  Goulds  Mfg.  Co.,  Seneca  Falls, 
N.  Y. 

O'Brien,  M.  F.,  foundry  foreman,  Yale  &  Towne  Mfg.  Co.,  Stamford, 
Conn. 

O'Brien,  T.  J.,  secretary  and  purchasing  agent,  Fort  Pitt  Malleable  Iron 
Co.,  Pittsburgh 

O'Connor,  A.  J.,  superintendent.  Hunt  Spillcr  Corp.,  Boston. 

O'Connor,  George,  foundry  superintendent.  Link  Belt  Co.,  Chicago. 

Odell,  F.  W.,  foreman.  Capital  Foundry  Co..  Hartford,  Conn. 

O'DoNNELL,  T.  E.,  foundry  foreman,  Clearfield  Machine  Shop,  Clear- 
field, Pa. 

Oekinger,   Fred  R.,  Abendroth   Bros.,   Port   Chester,   N.  Y. 

Oehler.  Otto  C.  foundry  foreman,  Camden  Iron  Works,  Camden.  N.  J. 

Oels.   Frederick  A.,  general  foreman,  J.  L.  Mott   Co.,  Trenton,    N.  J. 

OcDEN,  A.  Lincoln,  Camden  Iron  Works,  Camden,  N.  J. 

Ogden,  James  A.,  superintendent,  J.  S.  White  Co..   Pawtuckct.   R.   1. 

Old,  R.  L.,  foreman,  Damascus  Bronze  Co.,  Pittsburgh. 

Oldham,  Sam,  George  Oldham  Son  &  Co.,  Philadelphia. 

Oliver,  Andrew,  salesman,  E.  J.  Woodison  Co.,  Toronto,  Ont 

Olson,   Carl,  engineer,  Oxweld  Acetylene   Co.,   Newark.   N.   J. 

Olson,  John  E.,  foundry  manager,  Bessemer  Gas  Engine  Co.,  Grove 
City,  Pa. 

Olson,  L.  W.,  superintendent,  Ohio  Brass  Co.,   Mansfield,  O. 

0*Neil,   president.   Western   Foundry   Co.,   Chicago. 

Opp,  Louis,   secretary.  Enterprise  Foundr>'  Co.,   Belleville.   111. 

Orschell,  Ai.phons  L.,  brass  foundry  superintendent.  The  Lunken- 
heimer  Co.,  Cincinnati. 

Osborne,  W.  V.,  superintendent.  Lakeside  Malleable  Castings  Co., 
Racine,   Wis.  * 

OuRBACKER.  S.  H.,  assistant  chief  engineer,  American  Metallurgical 
Corp.,  Philadelphia. 

Owens,  Cl.^ude  H.,   foreman,  Westinghouse   Mfg.   Co.,   Essington,   Pa. 


Page,  B.  C  i*oundr>'  superintendent,  Fairbanks,  Morse  &  Co.,  Three 
Rivers,  Mich. 

Page,  C.  H.,  superintendent  steel  department,  Malleable  Iron  Fittings 
Co.,  Bran  ford.   Conn. 

Page.  R.  H.,  foreman  patternmaker,  Malleable  Iron  Fittings  Co.,  Bran- 
ford,   Conn. 

Page.  Thomas  S.,  foundry  superintendent,  Wheeler  Condenser  &  En- 
gine Co.,  Carteret,  N.  J. 

Painter.  A.  E..  production  manager,  Bayonne  Steel  Castings  Co., 
Bayonnc,    N.   J. 

Pangborn,   Thomas   W.,   president,   Pangbom   Corp.,   Hagerstown,   Md. 

Pangborn,  John  C,  vice  president,  Pangbom  Corp..  Hagerstown,  Md. 

Papworth,  H.  M.,  eastern  manager,  P.  H.  &  F.  M.  Roots  Co.,  New 
Yor'K. 

Parker,  Charles,  machine  shop  foreman,  H.  B.  Smith  Co.,  Westfield, 
Mass. 
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Parker,  C.  I.,  foreman  patternmaker,  American  Hardware  Corp.,  New- 
Britain,   Conn. 

Parker,  William  H.,  superintendent,  American  Steel  Foundries,  In- 
diana Harbor,   Ind. 

Parkison,  H.   K,  metallurgist,  William  Wharton  Jr.   Co.,   Easton,   Pa. 

Parks,  E.  F.,  general  superintendent.  Universal  Winding  Co.,  Provi- 
dence. R.   I 

Parsons,  W.  H.,  treasurer,  Troy  Engine  &  Machine  Co.,  Troy,  Pa. 

Passmore,  L.  a.,  marine  production.  The  American  Engineering  Co., 
Philadelphia. 

Paten,  P.  H.,  chief  of  service  and  maintenance.  New  Jersey  Zinc  Co., 
Palmcrton,  Pa. 

Patrick.  Roiiert  A.,  secretary,  Columbian  Bronze  Corp..  New  York. 

Patterson,  E.  D.,  engineer,  James  B.  Clow  &  Sons,  Coshocton,  O. 

Patterson,  John  A.,  assistant  manager.  Sterling  Wheelbarrow  Co., 
Detroit. 

Patterson,  Thomas  E.,  pattern  foreman.  National  Cash  Register  Co., 
Dayton,  O. 

Patton,  James  T.,  superintendent  foundries  and  pattern  shop,  Worth- 
ington  Pump  &  Machine  Corp..  Cincinnati. 

Paulmer,  J.  LovEi-,  secretary,  Riverside  Steel  Casting  Co.,  Newark, 
N.J. 

Payne,  James  T.,  assistant  foreman,  Hilles  &  Jones  Co.,  Wilmington. 
Del. 

Peake,  E.  S.,  superintendent  Bonney  Floyd  Co.,  Columbus,  O. 

Pease,  J.  D.,  advertising  manager,  The  Foundry,  Cleveland. 

Peck,  John  T.,  foundry  superintendent,  Hilles  &  Jones  Co.,  Wilming- 
ton, Del. 

Peebles,  C.  A.,  general  manager,  Stedman  Foundry  &  Machine  Shop, 
Aurora,  Ind 

Pemberton,  John,   superintendent.   General   Electric   Co.,   Lynn,   Mass. 

Pender,  E.  C,  assistant  superintendent,  The  West  Steel  Casting  Co., 
Cleveland. 

Pendergast,  James,  foundry  superintendent,  SulHvan  Machinery  Co., 
Claremont,  N.  H. 

Penton,  John  A.,  president,  Penton  Publishing  Co.,   Cleveland. 

Peremi,  Ed.,  superintendent,  W.  H.  Jackson  Co.,  Brooklyn,  N.  Y. 

Perl,  A.  R.,  engineer,  Ohio  Brass  Co.,  Mansfield,  O. 

Perry,  W.  B.,  factory  superintendent.  Industrial  Works,  Bay  City, 
Mich. 

Persol,  Daniel,  factory  manager.  Carbon  Steel  Castings  Co.,  Lan- 
caster, Pa. 

Peters,   Carl  F..   production   manager,   Abendroth   Bros.,    Port   Chester, 

Peilrs,  Richard,  Jr.,  representative,  Rogers,  Brown  &  Co.,  Philadelphia. 
Peterson,  C.  C,  superintendent,  Danville  Malleable  Iron  Co.,   Danville, 

Peterson,   C  J.,   salesman,   S.   Obermayer  Co.,   Chicago. 

Peterson,  F.  G.,  superintendent  of  foundries,  Bucyrus  Co.,  So.  Mil- 
waukee, Wis. 

Peterson,  P.  C,  foundr>'  superintendent,  W.  A.  Jones  Foundry  & 
Machine    Co.,    Chicago. 

Petterren.  Andrew  N.,  president,  Brooklyn  Foundry  Co.,  Brooklyn, 
N.  Y.  ' 

Petti nos,   George   F.,   George   F.   Pettinos,   Philadelphia. 

Pettis,  C.  D.,  vice  president,  American  Brake  Shoe  &  Foundr>  Co., 
New  York. 
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Philips,  S.,  foundry  superintendent,  Sharpies  Separator  Co.,  West 
Chester,  Pa. 

PiCKOP,  George  B..  assistant  superintendent.  Malleable  Iron  Fittings 
Co.,   Branford,    Conn. 

PiPHER,  A.  K,  Port  Hope  Sanitary  Co.,  Port  Hope,  Ont. 

Pitchers,  Benjamin  G.,  salesman,  Quigley  Furnace  Specialties  Co., 
New  York. 

Pitman,  A.  C,  foundry  foreman,  Cresson  Morris  Co.,  Philadelphia. 

Platt,  Everett,  cashier,  J.  W.  Paxson  Co.,   Philadelphia. 

Platt,  E.  H..  salesman,  The  Tabor  Mfg.  Co.,  Philadelphia. 

Platt,  William  K.,  foreman  foundry,  Vulcan  Iron  Works,  Wilkes- 
Barre,  Pa. 

PoLDAUP,  John,  foreman,  Bayonne  Steel  Castings  Co.,   Bayonne,  N.   J. 

PoLLAND,  D.  L.,  mechanical  engineer,  Massey-Harris  Harvester  Co., 
Batavia,   N.  Y. 

Pollard,  H.  K.,  sales  manager,  Bayonne  Steel  Castings  Co.,  Bayonne, 
N.J. 

Pollock,  D.  L.,  superintendent,  Pratt  Engineering  &  Machine  Co., 
Atlanta,  Ga. 

PoMEROY,  W.  D.,  general  manager,  Goulds  Mfg.  Co.,  Seneca  Falls, 
N.  Y. 

Pond,  Clarke  P.,  sales  manager,  David  Lupton's  Sons  Co.,  Philadel- 
phia. 

PooLE,  R.  L.,  general  foreman.  General  Railway  Signal  Co.,  Rochester, 
N.  Y. 

Porteous,  Robert  M.,  salesman,  Herman  Pneumatic  Machine  Co^ 
Pittsburgh. 

Porter,  J.  W.,  assistant  works  manager,  American  Steel  Foundries, 
Chester,  Pa. 

Post,  Marshall,  superintendent  foundries,  Marion  Steam  Shovel  Co., 
Marion,  O. 

Potter,  P.  J.,  district  sales  engineer,  Pangbom  Corp.,  Hagerstown,  Md, 

Powell,  George  R.,  representative,  Quigley  Furnace  Specialties  Co., 
New  York. 

Price,  William  B.,  chief  chemist  and  metallurgist,  Scovill  Mfg.  Co., 
Waterbury,  Conn. 

Pridmore,  Mrs.  Henry  E.,  president,  Henry  E.  Pridmore,  Inc.,  Chi- 
cago. 

Pridmore,  Marshall  E.,   secretar>%  Henry  E.  Pridmore,  Inc.,   Chicago. 

pROCHASKA,  James  S.,  foundry  foreman,  Eberhard  Mfg.  Co.,  Cleve- 
land. 

pROUSE,  Norman  J.,  superintendent  foundry,  Massey-Harris  Harvester 
Co.,  Brantford,  Ont. 

Pryce,  Richard,  foundry  superintendent,  Pratt  &  Cady  Co.,  Inc.,  Hart- 
ford, Conn. 

Pullum,  C.  E.,  Quigley  Furnace  Specialties  Co.,  Pittsburgh. 

Purnell,  Louis  E.,  salesman.  The  Ajax   Metal  Co.,  Cleveland. 

PuRWiN,   Klemens,   engineer.   Federal    Foundry   Supply   Co.,    Cleveland. 

Putnam,  C.  PL,  International   Harvester  Co.,  Auburn,  N.  Y. 

Pyle,  C.  W.,  Kennctt  Foundry  &  Machine  Co.,  Kcnnett  Square,   Pa. 


Queen,  R.  P.,  superintendent  foundr>%  Mt.   Vernon  Car  Mfg.  Co.,    Mt 

Vernon,  111. 
Quigley,  W.  S.,  president,  Quigley  Furnace  Specialties  Co.,  New  York. 
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QuiNN,  J.   Rm   plant  manager,   Atlantic  Radiator  Co.,   Huntingdon,   Pa. 
QuiNN,  Chester,  foreman,  Lehigh  Valley  Coal  Co.,  Drifton,  Pa. 
QuiNN,  F.  J.,  sales  agent,  Universal  Winding  Co..   Philadelphia, 
QuiNN,    Frank,    foundry    foreman,    Waterbury    Mfg.    Co.,    Waterbur>', 

Conn. 
QtiiTMAN,    Albert    H.,    foreman    pattern    department,    Yale    &    Townc 

Mfg.   Co.,  Stamford,   Conn. 


Rahk,  N.  M.,  shop  foreman,  Kutztown  Foundry  &  Machine  Co.,  Kutz- 

town.  Pa. 
Ramsoen,  J.  T.,  engineer,  Tabor  Mfg.   Co.,  Philadelphia. 
Randoll,  J.   E.,   eastern   representative,   Young  Bros.   Co.,   Detroit. 
Rankeillor,    Alexander,    superintendent,     Saco-Lowcll     Shop,     Biddc- 

ford,  Me 
Rankin,    Alexander,     foundry    superintendent,    Mesta    Machine     Co., 

Pittsburgh. 
Raphael,  C.  B.,  salesman,  S.  Birkenstein  &  Sons,  Inc.,  Chicago. 
Rapp,  S.  G.  J.,  engineer.  Link  Belt  Co.,  Chicago. 
Rash,   E.   E.,  superintendent.   Barlow  Foundry  Co.,   Newark,   N.   J. 
Rauschenberg,    C.,    superintendent.    Wheeling    Mold    &    Foundr>'    Co., 

Wheeling.  W.  Va. 
Ray,  George  A.,  foundry  superintendent,  Taylor  &  Fenn  Co.,  Hartford, 

Conn. 
Rayburn,    John,    superintendent,    Cleveland    Co-operative    Stove    Co., 

Cleveland. 
Rayel,  W.  E.,  Werner  G.  Smith  Co.,  Cleveland. 
Read,  O.  N.,  secretary.  Read  Machinery,  Inc.,  York,  Pa. 
Reardon,  W.  J.,  foundry  superintendent.  Aluminum  Casting  Co.,  Detroit. 
RzBMAN,    H.    F.,    assistant    to    president,    American    Engineering    Co., 

Philadelphia. 
Redding,  C.  H.,  editor.  Brass  World,  New  York. 
Redington,  p.,   foreman.   Silver  Mfg.   Co.,   Salem,   O. 
Reed,  J.  L.,  superintendent,   Canadian  Steel  Foundries,   Montreal,   Que. 
Reed.  L.  B.,  vice  president,  U.  S.  Silica  Co.,  Chicago. 
Reed,  R.  B.,  sales  manager,  Young  Bros.,  Detroit. 
Reeling,  G.  J.,  secretary,  Illinois  Malleable  Iron   Co.,  Chicago. 
Reeves.   U.    C,   foreman,    Cresson   Morris    Co.,   Philadelphia. 
Rehder,    C.    E.,    vice    president    and    assistant    manager,    Bowmanville 

Foundry  Co.,   Bowmanville,   Ont. 
Rehm,  R.  H.,  salesman,  J.  W.  Paxson  Co.,  Philadelphia. 
Reichenstein,  Albert,  Manufacturers*  Foundry  Co.,  Waterbury,   Conn. 
Reichl,    C,   secretary   and   manager,    Spring   City    Foundry   Co.,    Wau- 
kesha, Wis. 
Reid,   E.  C,  vice  president.   Continental   Heater  Corp.,   Dunkirk,   N.   Y. 
Rein.    Thomas   L.,    foundry    superintendent,    Poughkeepsic    Foundr>'    & 

Machine  Co.,  Poughkeepsie,  N.  Y. 
Reiser,   A.   W.,   superintendent   of    foundry,   American   Car   &    Foundr>- 

Co.,  Buffalo. 
Reisman,  F.  I.,  salesman,  Quigley  Furnace   Specialties   Co.,   New  York. 
Remley,   C.  J.,   foundry   superintendent,   Russell   &  Co.,   Massillon.   O. 
Reppenhagen.  J.  William,   American  Metallurgical  Corp.,   Philadelphia. 
Reynolds,  J.  A.,   treasurer,   Kennedy   Foundr>'   Co..    Baltimore. 
Rhodes,    J.    B.,    commander    United    States    navy,    United    States    naval 

ordnance   plant,   South   Charleston,   W.    Va. 
Rice,  J.   C,   salesman,   Carborundum   Co.,    Niagara   Fall..,   N.   Y. 
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Rich,  Jr.,  E.  A.,  American  Foundry  Equipment  Co.,  Chicago. 

Richards,  F.  W.,  assistant  treasurer,  Columbia  Malleable  Castings  Co.. 
Inc.,  Columbia,  Pa. 

Richmond.  H.  M.,  manager.  Aluminum  Castings  Co.,  Bridgeport,  Conn. 

RiCHTER,  E.,  engineer,  G.  A.  Gray  Co.,  Cincinnati. 

Riddle  Jr.,  H.  M.,  manager,  Asbury  Graphite  Mills,  Asbury,   N,   J. 

RiDSDALE,  C,  master  mechanic,  International  Malleable  Iron  Works, 
Guelph,  Ont. 

RiKER,  William  H.  M.,  general  superintendent,  Eastern  Malleable  Iron 
Co.,  Bridgeport,  Conn. 

RiNGLE,  Robert  F.,  works  manager,  Herman  Pneumatic  Machine  Co.. 
Pittsburgh. 

RiSTiNE,  George  W.,  Sr.,  sales  agent.  Whiting  Foundry  Equipment  Co., 
Harvey,  HI. 

RiTTER,  H.  P.,  superintendent,  J.  H.  Oberhelman  Foundrv'  Co.,  Cin- 
cinnati. 

Roberts,  F.  W.,  superintendent,  Lynchburg  Foundry  Co.,  Lynchburg, 
Va. 

Robertson,  W.   H.,  mining  engineer,  Graceton  Coke  Co.,  Graceton,  Pa. 

Robinson,  G.  D.,  Buffalo  sales  manager.  United  States  Graphite  Co., 
Saginaw,   Mich. 

Robinson,  L..P.,  New  England  manager,  Werner  G.  Smith  Co.,  Cleve- 
land. 

Robinson,  Robert  C,  .salesman,  J.  W.   Pax  son  Co.,  Philadelphia. 

Robinson,  S.  R.,  Philadelphia  Roll  &  Machine  Co.,   Philadelphia. 

Robinson,  W.  B.,  Pittsburgh  manager.  The  Iron  Age,  Pittsburgh. 

RocKEY,  F.   M.,  assistant   superintendent,  York  Mfg.   Co.,  York,   Pa. 

Roe,  L.  M.,  sales  agent,  American  Car  &  Foundry^  Co.,  Huntington, 
W.  Va. 

Roe,  William  J.,  superintendent,   Stroh  Casting  Co.,  Detroit. 

Rogers,   A.   L.,   foreman.   United   Shoe   Machinery   Co.,    Beverly,   Mass. 

Rogers,  P.   C,  superintendent.  Union   Steel  Casting  Co.,   Boston. 

Rogers,  William  J.,  superintendent,  Lycoming  Foundr>'  Co.,  Williams- 
port,  Pa. 

RoHE,  V.  J.,  sales  manager,  T.  P.  Kelly  &  Co.,  Inc.,  New  York. 

RoHiEDER,  J.  C,  foreman,  Sweet  &  Doyle  Foundry  &  Machine  Co., 
Green  Island,   N.  Y. 

RoLLASON,  G.  M.,  research  engineer,  Aluminum  Castings  Co.,  Cleveland. 

Romeyn,   R.,   American   Manganese   Bronze   Co.,    Philadelphia. 

Romlervski.  Alfons,  foreman,  Wheeler  Condenser  &  Engine  Co., 
Carteret,  N.  J. 

Roonett,  E.  H.,  salesman,  Westinghouse  Electric  &  Mfg.  Co.,  Pitts- 
burgh. 

Root  Jr.,  A.  B.,  mechanical  engineer,  Hunt-Spiller  Mfg.  Corp.,   Boston. 

Rose,  Robert,  foreman,  Buffalo  Foundry  &  Machinery  Co..  Buffalo. 

Rosenblatt,  Simon,  general  manager,  American  Foundry  &  Machinery 
Co.,   Salt  Lake   City,   Utah. 

Ross,   H.   A.,    president   Ross   Tacony   Crucible    Co.,   Philadelphia. 

Rossitor,  Clark,  general  superintendent.  Phoenix  Iron  Works  Co., 
Meadville,  Pa. 

RoTHE,  Joseph  F.,  president,  Joseph  F.  Rothe  Foundry  Co.,  Green  Bay, 
Wis. 

Rottach,  J.,   superintendent,  Taylor  &  Co.,   Brooklyn,  N.  Y. 

RousH,  H.  F,  superintendent  of  foundries,  Piatt  Iron  Works,  Dav- 
ton,  O. 
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Rue,  W.  H..  manager  Philadelphia  office,  General  Combustion  Co., 
Chicago. 

RuEFLY,   Carl  E.,   general   superintendent,   Dover   Mfg.   Co.,   Dover,   O. 

RuMSEY,  G.  M.,  salesman,  Shcpard  Electric  Crane  &  Hoist  Co.,  Phila- 
delphia. 

RuNDio,  N.  L.,  proprietor,  N.  L.  Rundio  Foundry  Co.,  Williamsport,  Pa. 

Runner,  Martin,   foreman,  Fletcher  Works,  Philadelphia. 

Russell,  H.  A.,  purchasing  agent,  A.  B.  Farquhar  &  Co.,  Ltd.,  York, 
Pa. 

Russell,  I.  H.,  production  manager,  Sloan  Valve  Co.,  Chicago. 

Russell,  William,  foreman  patternmaker,  Camden  Iron  Works,  Cam- 
den, N.  J. 

Rusr,  Robert  R.,  vice  president.  Central  Foundry  Co.,  New  York. 

Ryan,  D.  J.,  president  and  general  manager.  The  Allyne  Ryan  Foundry 
Co.,  Cleveland. 

Ryan,  F.  J.,  general  manager,  American  Metallurgical  Corp.,  Phila- 
delphia. 

Ryan,  Harry,   foreman,  Bayonne  Steel  Casting  Co.,   Bayonne,   N.   J. 

Ryan,  John  T.,  foundry  foreman,  Walter  A.  Wood  Co.,  Hoosick  Falls. 
N.  Y. 

Ryan,  William,  foundry  foreman,  W.  H.  Jackson  Co.,  Brooklyn,  N.  Y. 

Rylance,  J.  A.,  secretary  and  treasurer.  The  Burr  &  Houston  Co.. 
Brooklyn.  N.  Y. 

Rypsam,  H.,   foreman,  American  Car  &  Foundry  Co.,   Detroit. 


Sager,  C.  M.,  manager,  Richmond  Structural  Steel  Works,  Richmond, 
\^a. 

Sakaguchi,  T.,  mechanical  engineer,  Otaru,  Japan. 

Salter,  James  P.,  foundry  superintendent,  Ohio  Brass  Co.,  M.insfield,  O 

Sammons,  W.  C,  secretary-,  Wadsworth  Core,  Machine  &  Equipment 
Co.,  Akron,  O. 

Sanders,  Freu  M.,  foreman,  Kutztown  Foundry  &  Machinery  Co.,  Kutz- 
town.  Pa. 

Savtcky,  E.  D.,  general  superintendent,  Worthington  Pump  &  Ma- 
chinery Corp.,  Harrison,  N.  J. 

Sawitzle,  George  A.,  superintendent,  Cleveland  Oshorn  Mfg.  Co., 
Cleveland. 

ScHABERG,  P.  H.,  foreman  foundr>'.  Bond  Foundry  &  Machine  Co., 
Manheim,  Pa. 

Schaum,  Fletcher,  works  manager,  Fletcher  Works,   Philadelphia. 

Schaum.   Otto  W.,   president,   Fletcher   Works,   Philadelphia. 

ScHAUR,  R.,  foundry  superintendent,  American  Wood  Working  Ma- 
chinery Co.,   Rochester,   N.  Y. 

ScHECHNER,  JuLius,  foundry  foreman,  Acme  Foundry-  &  Machinery- 
Co.,    Coffeyville,   Kans. 

SCHEER,  Harry  A.,  assistant  superintendent,  Wellman-Seaver-Morgan 
Co.,   Cleveland. 

SCHEIBER,  Frank  C,  assistant  superintendent.  General  Electric  Co., 
Erie,  Pa. 

Schell,  J.  E.,  Jr.,  manager,  American  Foundry  &  Mfg.  Co.,  Frederick, 
Md. 

SCHELLING,  P.  J.,  assistant  general  manager,  Eastern  Malleable  Iron  Co., 
Troy,   N.   Y. 

Scherer,  Miltox  C,  assistant  foreman,  New  Jersey  Zmc  Co.,  Palmer- 
ton,  Pa. 
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ScHERRER,  John  C.  foundry  superintendent,  Wright-Martin  Aircraft 
Co.,  New  Brunswick,   N.  J. 

ScHLiCHTER,  Henry  G.,  Superintendent,   Henry  E.   Pridmore,   Chicago. 

Schmidt.  George,  general  manager,  Girard  Iron  Works,  Philadelphia. 

ScHMHTT,  John,  patternmaker,   Stacey   Schmidt    Mfg.    Co.,   York,   Pa. 

ScHNEE,  A.,  Jr.,  foreman,  Griswold  Mfg.   Co.,  Erie,   Pa. 

ScHNEiBLE,  C.  B..  district  sales  engineer,  American  Foundry  Equipment 
Co.,  New  York. 

Schneider,  E.  L.,  superintendent,  Lennox  Furnace  Co.,  Marshalltown, 
Iowa. 

Schneider,  F.  A.,  general  manager,  Stroh  Casting  Co.,  Detroit. 

Schoenic,  V.  A.,  foreman,  J.  J.  Lacey  Co.,  Baltimore. 

Schramm,  Wh.liam,  superintendent  steel  foundr>',  Worthington  Pump 
&   Machine    Corp.,    Buffalo. 

Schroeder,  Q.  H.,  superintendent  pattern  shop  and  equipment,  Camp- 
bell,  Wyant   &   Cannon.    Muskegon,   Mich. 

ScHROETER,   JiHJi^s,   president.   Vibrating   Machinerv'   Co.,    Chicago. 

ScHUCHMAN,  B.  T.,  superintendent.  Homestead  Valve  Mfg.  Co.,  Home- 
stead, Pa, 

ScHUM,  E.  M.,  foundry  superintendent,  William  Wharton.  Jr.,  &  Co.. 
Inc.,   Easton,   Pa. 

Schwab.  Leonard,  foundry  superintendent.  Long  &  Allstatter  Co., 
Hamilton,  O. 

ScHWARZE,  Frank  E.,  district  manager,  Cleveland  Pneumatic  Tool  Co., 
Philadelphia. 

ScHWEiNHART,  H.  S.,  patternmaker,  Union  Mfg.  Co.,  Boyertown,  Pa. 

ScHWEMLER,  W'li.LiAM,  E.  A.   Moore  Foundry.  Reading,  Pa. 

ScHWOERER,  F  C.  superintendent,  Acme  Palmers  &  De  Mooy  Foundry 
Co.,  Cleveland 

ScHWOERKR.    R.    C,    president,    Atlantic    Radiator    Co.,    Huntingdon.    Pa. 

ScHYUFER,  Charles  F.,  sales  manager,  Kennedy  Foundr>'  Co.,  Balti- 
more. 

ScoTT,  Arthi'r,  superintendent,  Cleveland  Pneumatic  Tool  Co.,  Cleve- 
land. 

Scott,  Iames  H.,  superintendent  machine  department,  Hilles  &  Jones 
Co.,  Wilmington,  Del. 

Scott,  Lester  C,  member  of  staff,  Angus  Co.,  Ltd.,  Calcutta,   India. 

Scott,  T.  Raymoni>.  foundry  superintendent,  Brown  &  Sharpe  Mfg. 
Co.,   Providence,   R.    I. 

Scott,   William   H..   general   manager.   Booth   Hall   Co.,   Chicago. 

Seabrook,   C   R..   structural   engineer.   H.   M.   Lane,   Detroit. 

Sebelin,  T.  W.,  works  engineer.  Federal  Foundry  Supply  Co.,  Cleve* 
land. 

Seeley,  C.  J.,  superintendent,  T.  McAvity  &  Sons,  Ltd.,  St.  Johns,  N.  B. 

Seifert,  H.  F..  assistant  superintendent,  Westinghouse  Electric  &  Mfg. 
Co.,   Pittsburgh. 

Sewell.   \\  illiam    E.,  salesman.  Tabor  Mfg.   Co.,   Philadelphia. 

Seybert,  Adoli'H  F..  superintendent.  National  Malleable  Castings  Co., 
Toledo,  (). 

Shafer,  T.  C.  salesman.  United  States  Graphite  Co.,  Saginaw,   Mich. 

Shaffer,  W.   S..  salesman,  J.  W.   Paxson  Co.,  Philadelphia. 

Shaffer,  W.  W.,  foundry  superintendent,  Hermance  Machine  Co., 
Williamsporf.   Pa. 

Shaner,   K.   L..  engineering  editor,   The  Iron   Trade  Review,  Cleveland. 

Shappkk,  Jamks  E..  superintendent,  Weller  Hardware  &  Foundr>'  Co., 
Horseheads,    N.    Y. 


Digitized  by  VjOO^ IC 


The  Registered  Attendance  551 

Spare,  C.  R.,  vice  president' and  general  manager,  American  Manganese 

Bronze  Co..  Philadelphia. 
Sharpe,  G.  E.,  president,  Ohio  Foundry  Mfg.  Co.,  Steuben vi lie,  O. 
Sharpe,  J.  R.,  foreman,  Saco-Lowell  Shop,  Lowell,  Mass. 
Shelling,    R.    C,    superintendent.    Eastern    Malleable    Iron    Co..    New 

Britain,   Coim. 
Shenberger,  a.  J.,  president,  Carbon  Steel  Casting  Co.,  Lancaster,  Pa. 
Shepard,  D.  H.,  foreman,  P.  &  F.  Corbin,  New  Britain,  Conn. 
Sher;<an,  Henry  S.,  vice  president  Standard  Car  Wheel  Co.,  Cleveland. 
Sherwin,    John,    president,    Chicago    Hardware    Foundry'    Co.,    North 

Chicago,  111. 
Sherwin,  LeRoy  M.,  mechanical  engineer.  Brown  &  Sharpe   Mfg.  Co., 

Providence,  R.  I. 
Shire,  Philip  J.,  master  mechanic,  The  Tabor  Mfg.  Co.,  Philadelphia. 
Shortsleeves,  F.  F.,  salesman,  E.  J.  Woodison   Co.,   Milwaukee. 
Shotts,  J.   W.,   salesman,  E.  J^  Woodison   Co.,   Detroit. 
Showrlin,  D.  R.,  Superior  Gas  Engine  Co.,  Springfield.  O. 
Shuman,  George  W.,  general  foreman,  Oliver  Chilled  Plow  Co.,  South 

Bend,  Ind. 
Shuman,  R.  R.,  advertising  manager,  U.   S.   Silica  Co.,  Chicago. 
SiECRiST,  A.  L.,  Philadelphia  office,  Hauck  Mfg.  Co.,  Brooklyn,  N.  Y. 
SiKKENGA,   D.,   superintendent,   Campbell,   Wyant   &   Cannon,    Muskegon, 

Mich. 
SiLCOX,  A.  E.,  salesman,  Saco-Lowell  Shops,  Lowell.  Mass. 
Silver,  H.  M,,  superintendent.  Silver  Mfg.  Co.,  Salem,  O. 
Simpson,   H.   S.,   president,   National   Engineering   Co.,   Chicago. 
Sipkerman,  F.  T.,  sales  engineer,   Cleveland  Osborn   Mfg.   Co.,   Cleve- 
land. 
Skeffington,  Charles  J.,  sales  manager.  Grimes  Molding  Machine  Co., 

Detroit. 
Skolit,  E.  a.,   foundry  superintendent,  John  Wood   Iron   Works,   Port- 
land, Oreg. 
Slatery,  Edwin  S.,  president,  Muncie  Foundry  &  Machine  Co.,  Muncic, 

Ind. 
Slatterly,  W.  H.,  General  Electric  Co.,  Schenectady,   N.  Y. 
Slavin,  Charles,   International  Harvester  Co.,   Chicago. 
Slreth,   S.   D.,   superintendent,  Westinghouse   Air   Brake   Co.,   Wilmer- 

ding,  Pa. 
Sloan,    Alexander.    Sr.,    treasurer    and    superintendent,    Pittston    Stove 

Co.,  Pittston,   Pa. 
SuMNE,  W.  D.,  president,  United  States  Alloys  Corp.,  New  York. 
Si-OAN,  W.   J.,   foreman,   Alberger   Pump   &   Condenser   Co.,   Newburch, 

N.  Y. 
Slusser,    August,    general     superintendent,     Westinghouse    Electric     & 

Mfg.  Co.,  Trafford,  Pa. 
Slivinski,  H.  R,  master  mechanic,  International  Harvester  Co.,  Chicago. 
Sly,  W.  C,  president,  VV.  W.  Sly  Mfg.  Co.,  Cleveland. 
Smith,    Charles    G.,    district    manager,    American    Foundry    Equipment 

Co.,   New  York. 
Smith,     Edwin    Barrett,    s^les    engineer,    American    Brake    Shoe    & 

Foundry   Co.,   New  York. 
Smith,  Edwin  K.,  works  manager,  Seneca  Falls  Mfg.  Co.,  Inc.,  Seneca 

Falls,   N.   Y. 
Smith,   F.  G.,  Am'^rican  Brass   Co.,  Watcrbur>%  Conn. 
Smith,  Franklin  G.,  president  and  general  manager,  Cleveland  Osborn 

Mfg.    Co.,   Cleveland. 


Digitized  by  VjOO^ IC 


552  American  Foundrymen*s  Association 

Smith,  Fred  E.,  salesman,  Thomas  Iron  Co.,  New  York. 
Smith,  F.  W.,  chief  engineer,  Oxweld  Acetylene  Co.,  Newark,   N.  J. 
Smith,  Hebert,   superintendent,  Jenkins  Bros.,   Ltd.,   Montreal,  Que. 
Smith,  Irvin  N.,  toreman  foundry,  Textile   Machine  Works,   Reading. 

Pa. 
Smith,  I.  R.,  president.  Sterling  Wheelbarrow   Co.,   Milwaukee. 
Smith,  James  S.,  secretary  and  treasurer.  The  Smith  Facing  &  Supply 

Co.,  Cleveland. 
Smith,  J.  B.,  superintendent  power.  Malleable  Iron  Fittings  Co.,   Bran- 
ford,  Conn. 
Smith,  J.  B.,  American  Steel  Foundries,  Chester,  Pa, 
Smith,  R.  W.,  vice  president,  Hilles  &  Jones  Co.,  Wilmington,  Del. 
Smith,  S.  A.,  representative,  William   Sellers  &  Co.,   Philadelphia. 
Smith,  Werner  G.,  president,  Werner  G.  Smith  Co.,  Cleveland. 
Smith,  W.  G.,  salesman.  Federal  Foundry  Supply  Co..  Cleveland. 
Smart,    William    L.,    assistant    foreman.    Hunt,    Spiller    Mfg.    Corp., 

Boston. 
Snow,   D.   C.,   secretary  and   treasurer,   International   Molding   Machine 

Co.,  Chicago. 
Snow,   Robert  R.,   foundry   superintendent.   Great   Lakes   Foundr\'    Co.. 

Port  Huron,  Mich. 
Snyder,  L.  A.,  engineer,  P.  H.  &  F.  M.  Roots  Co.,  New  York. 
SORDS,  J.   F.,   factory  manager,   Allyne-Ryan   Foundry   Co..   Cleveland. 
Soderstrom,    A.,    mechanical    engineer,    Davenport    Machine    &    Foundry 

Co.,  Davenport,  Iowa. 
SoMMER,   Arthur  P.,   metallurgist,   Driver-Harris   Co.,    Harrison,    N.    J. 
Sonne,  A.  O.,  resident  manager,   Rogers,   Brown  &  Co..   Chicago. 
Sorenson,   p.   M.,   foreman.   Continental   Gin   Co.,   Dallas,   Tex. 
SORSBY,   T.,   foundry   foreman.    National   Cast   Iron   Pipe   Co.,    Birming- 
ham, Ala. 
Speck,    W.    C,    assistant    superintendent.    Buckeye    Steel    Castings    Co., 

Columbus,  O. 
Spencer,  E.  R.,  treasurer,  Connecticut  Foundry  Co.,  Rocky  Hill,  Conn. 
Spilsbury.  H.  G.,  metallurgical  engineer,  Metal  &  Thermit   Corp.,    New 

York. 
Spoeneman,     Charles,     president     and     general     manager,     Enterprise 

Foundry  Co.,  Belleville,   111. 
Stack,  Albert  C,  Cleveland  Pneumatic  Tool  Co.,  Cleveland. 
Stacey,  H.,  purchasing  agent,  Niles-Bement-Pond  Co..    Plainfield.   N.    J. 
Stamm,  Edgar  O.,  vice  president,   Buckeye   Products   Co..  Cincinnati. 
Stander,   H.   a.,   purchasing   agent,    Damascus    Bronze    Co.,    Pittsburgh. 
Staples,  F.  M.,  manager,  McFarland  Foundry  &  Machine  Co.,  Trenton, 

N.  J. 
Stark,  William,  superintendent,  A.  Garrison   Foundry  C^..   Pittsburgh. 
Starke.  W.  H.,  purchasing  agent.  Central  Foundry  Co.,  Newark,  N.  J. 
Stay,   F.    D.,    aluminum    Castings    Co..    Cleveland. 
Stebbins,   Chas.,   president,  Jefferson    Union    Co..   Lexington.    Mass. 
Stein,  A.,  superintendent,  Stedman's  Foundry  &  Machine  Shop,  Aurora, 

Ind. 
Stein,  A.  H.,  treasurer,  Hauck  Mfg.  Co..  Brook'yn.  N.  Y. 
Stenberg,  F.  H.,  publicity  department,  Norton   Co.,  Worcester,   Mass. 
Stengel,  A.  F.,  representative,  Rogers  Brown  &  Co..   Buffalo. 
Sterling,  James  S.,  manager,  Hilles  Jones  &  Co.,  Wilmington,  Del. 
Stodder,  W.  F.,  Straight  Line  Engine  Co.,  Syracuse.   N.  Y. 
Stoney,  John    T.,    foundry    manager,   Ferro    Machine    &    Foundry    Co., 

Cleveland. 
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Stoop^  William,  foundry  foreman,  J.  L.  Mott,  Trenton,  N.  J. 

Storie.  a.  G.,  foundry  manager,  Fittings  Ltd.,   Oshawa,   Canada. 

Strangward,  William  J.,  general  manager,  Walworth  Run  Foundry  Co., 
Qeveland. 

Street,  Harry  S.,  general  labor  foreman,  Bethlehem  Steel  Co..  Steel- 
ton,  Pa. 

Street,   Horace  R.,   superintendent,    Interstate  Foundry   Co..    Cleveland. 

Strickland,  A.  C,  general  manager,  Strickland  Machine  Co.,  Richmond. 

Stroh,  B.,  Jr.,  president,  Stroh  Casting  Co.,  Detroit. 

Strong,  Walter  R.,   salesman,    Norton   Co..   Worcester.    Mass. 

Strunk,  Jacob,  foreman,  temple  Malleable  Iron  &  Steel  Co..  Temple,  Pa. 

Stuart,  J.   R.,   Toronto   representative,    E.   J.    Woodison    Co..    Toronto. 

Stuart,  Johnston,  Stuart  Foundry  Co.,  Detroit. 

SuEss,  Charles,  general  foreman,  Westinghouse  Electric  &  Mfg.  Co.. 
Essington,  Pa. 

Sullivan,  George  R.,  resident  manager,  Rogers  Brown  &  Co.,  Phila- 
delphia. 

Sullivan,  J.   H.,  engineer,   American    Steel   Foundry.   Chicago. 

Summer,  T.  L.,  salesman,  The  Tabor  Mfg.  Co.,   Philadelphia. 

Supples,  Lyman  B.,  foreman,  Temple  Malleable  Iron  &  Steel  Co., 
Temple,  Pa. 

SuRDAM,  William,  International  Harvester  Co.,  Auburn,  N.   Y. 

Sutherland,  W.  S.,  superintendent  of  foundry  department.  Lord  & 
Burnham  Co.,  Irvington.  N.  Y. 

Sutton,  C.  K.,   salesman,   Debevoise-Anderson   Co..   New   York. 

SwANSON,  E.  R.,  general  superintendent,  Duquesne  Steel  Foundry  Co.. 
Coraopolis,  Pa. 

Sweeney,  M.  J.,  vice  president  and  treasurer,  Allyne  Ryan  Foundry, 
Cleveland. 

Sweet,  F.  B.,  foundry  superintendent,  Saco-Lowell  Shops,  Lowell,  Mass 

Sweet,  Jerome  E.,  district  manager,  American  Foundry  Equipment  Co.. 
New  York. 

Sweet,  John  E.,  works  manager,  Farrell  Cheek  Steel  Foundry  Co., 
Sandusky,  O. 

Swift,  W.  F.,  manager,   City  Foundry   Co..    Cleveland. 

Sylvis,  R.  M.,  secretary  and  treasurer,  Cyclops  Foundry  Co.,  Pittsburgh. 


Taber,   M.  N.,   metallurgist,   National    Supply    Co.,   Toledo,   O. 

Taggart,  E.  M.,  New  York  manager.  J.  W.  Paxson  Co.,  Philadelphia. 

Taih,  H.  R.,  superintendent,  T.  McAvity  &  Sons,  Ltd..  St.  Johns.  N.  B 

Taugas,  E.,  foreman,  manufacturers'  Foundry  Co.,  Waterbury,  Conn. 

Taylor  Jr.,  H.  B.,  George   F.   Pettinos,   Philadelphia. 

Taylor,  H.  O.,  classified  manager.   Penton   Publishing   Co..   Cleveland. 

Taylor,  H.  T.,  salesman,  E.  J.  Woodison  Co..  Detroit. 

Taylor,  J.  S.,  sales  manager,  Taylor  Forbes  Co..  Ltd.,  Guclph,  Ont. 

Taylor,  W.  E.,  president,  Taylor  &  Co.,   Inc.,   Brooklyn.   N.  Y. 

Taylor,  W.  H.,  western  manager,  Ross  Tacony  Crucible  Co.,  Phila- 
delphia. 

Thayer,  C.  S..   foundry  engineer.   Buffalo  Forge   Co.,   Buffalo. 

Theleen,  O.  H.,  vice  president.  Frost  Mfg.  Co..  Kenosha.  Wii. 

Thomas,  A.  O..  vice  president,  H.  M.  Lane  Co..   Detroit. 

Thomas,   L.   E.,   president,   Reading   Iron    Co..   Reading.    Pa. 

Thomas,  Roy  N.,  assistant  superintendent,  Eastern  Malleable  Iron  Qq„ 
Naugatuck,  Conn. 
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Thomas,  T.  A.,  foundry  superintendent,  National  Malleable  Castings 
Co.,  Cleveland. 

Thomas,  T.  B.,  American  Gum  Products  Co.,  New  York. 

Thomas,  W.  S.,  manager,  New  England  Branch,  J.  W.  Paxson  Co., 
Providence,  R.  1. 

Thompson,  E.  H.,  assistant  manager,  Asbury  Graphite  Mills,  Asbury, 
N.  J. 

Thompson,  George  H.,  president,  Columbus  Malleable  Iron  Co.,  Colum- 
bus, O. 

Thompson,  J.   P..  manager.   The  Iron  Age,  New  York. 

Thompson,  J.  R..  assistant  superintendent,  Westinghouse  Electric  & 
Mfg.  Co.,  Trafford,   Pa. 

Thomson,   M.   H.,   salesman,   E.   J.  Woodison   Co.,   Detroit. 

Thrasher,  G.  M.,  chemist  and  metallurgist,  Stanley  G.  Flagg  Co., 
Philadelphia. 

Thurston,  H.  S.,  vice  president  and  general  manager,  Poughkeepsie 
Foundry  i&  Machine   Co.,   Poughkeepsie,   N.   Y. 

TiGHE,  James  W.,  salesman,  Jonathan  Bartley  Crucible  Co.,  Trenton, 
N.  J. 

Titherington,  William,  foundry  foreman,  Bilton  Machine  Tool  Co., 
Bridgeport,  Conn. 

ToLMiE,  Robert  C,  general  manager,  Lobdell  Car  Wheel  Co.,  Wilming- 
ton, Del. 

Toner,  J.,  assistant  foreman.  .American  Steel  Foundries,  Chester,  Pa. 

Touceda,  Enrique,  Albany.  N.  Y. 

TowLER,   Benjamin,   secretary  and  treasurer,   H.   M.  Lane   Co.,   Detroit 

Tracey,  B.  C.  engineer.  General  Electric  Co.,  Schenectady,  N.  Y. 

Tracey,  James  F.,  Canadian  representative,  Pangborn  Corp.,  Hagers- 
town,   Md. 

Trachoel,  L.  E.,  purchasing  agent,  Kansas  City  Hay  Press  Co.,  St. 
Joseph,  Mo. 

Traphagen,  H.,  metallurgist,  Toledo  Steel  Casting  Co.,  Toledo,  O. 

Traver,  W.  E.,  foundry  superintendent,  Layne  &  Bowler  Co.,  Memphis, 
Tenn. 

Trout,  H.  R.,  general  superintendent.  Sanitary  Co.  of  American,  Lin- 
field,    Pa. 

TscHERNiNG,  H.,  superintendent.  Arcade  Mfg.   Co.,  Freeport,   111. 

TscHUDY,  W.  A.,  foreman  of  pattern  department,  J.  B.  Clow  &  Sons. 
Newcomerstown,  O. 

Tucker,  F.  W.,  service  man,  Oxweld  Acetylene  Co.,  Newark,  N.  J. 

TuRNBULL,  R.   E.,  Arcade   Mfg.   Co.,   Freeport,  III. 

Tutien,  D.  a.,  salesman,  Thomas  Iron   Co..  Boston. 

Tutien,  E.  a.,  sales  agent,  Thomas   Iron   Co.,   Boston. 

Tyson,  H.,  chemist,  Weatherly  Foundry  &  Machine  Co.,  Weatherly,  Pa. 

Uhler,  J.  Lloyd,   metallurgist,   Union    Steel   Casting  Co.,    Pittsburgh. 
Ulizio,  B.  George,  Geist  Mfg.  Co.,  Atlantic  City,  N.  J. 
Umstead,  Earl,  foreman,  Stanley  G.  Flagg  &  Co.,  Philadelphia. 
Unland,  H.  W.,  engineer.  General  Electric  Co.,  Schenectady,  N.  Y. 
Unzeld,  Herman,  foreman,  Henry  Wray  &  Son,  Rochester,  N.  Y. 

Vanaman,  a.  W.,  Temple  Malleable  Iron  &  Steel  Co.,  Temple.  Pa. 
VanBilliard,   H.,   foundry   superintendent.   General  Railway   Signal    Co., 
Rochester,  N.  Y. 

T,   E.   S.,   superintendent,   Dodge   Bros.,   Detroit. 
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Vandercrift,  H.,  superintendent  foundry,  American  Engineering  Co., 
Philadelphia. 

Vandriller,  G.  Frank,  foreman.  Darling  Valve  &  Mfg.  Co.,  Williams- 
port,  Pa. 

VanValkenburch,  C.  C,  National  Supply  Co.,  Toledo,  O. 

VanYork  Tr.,  J.  H..  manager  foundry  division,  Bullard  Machine  Tool 
Co.,  Bridgeport,  Conn. 

Verity,   Charles   F.,    Verity   Plow   Co.,   Brantford,   Ont. 

ViGNE,  J.,  manager,  Tropenas  Converter  Co.,  San  Paulo,  Brazil. 

VocEL,  C.  W.,  general  superintendent,  York  Mfg.  Co.,  York.   Pa. 

VoiCHT,  H.  G.,  plant  superintendent,  American  Steel  Foundry,  Indiana 
Harbor,   Ind. 

VoNEMAN,  J.  H.,  foundry  foreman.  Hoover  Suction  Sweeper  Co.,  North 
Canton,  O. 

VonSteeg  Jr.,  Edmund,  salesman,  General   Electric  Co.,   New   York. 

VooRHEES,  T.  C,  manager,  Hickman  Williams  &  Co.,   Philadelphia. 

Voulle,   a.,  general    superintendent.    Dodge    Bros.,    Detroit. 

Wadsworth,  a.  v.,  general  manager,  Pomcroy  Machine  Co.,  Pomcroy,  O. 
Wadsworth,   George   H.,   president    and    general    manager,    Wadsworth 

Core  Machine  &  Equipment  Co.,  Akron,  O. 
Waechter,  F.  F.,  sales  engineer,  Link-Belt  Co.,  Philadelphia. 
Wagner,  F.  A.,   works   superintendent,   Gould   Mfg.   Co.,   Seneca   Falls, 

N.  Y. 
Wagner,  Herman,  foundry   foreman,  T.  H.   Symington   Co.,  Rochester, 

N.  Y. 
Wagner,  L.   G.,   assistant   superintendent,   Acme   Palmers   &   De    Mooy 

Foundry  Co.,   Cleveland. 
Wagner,  L.  W.,  assistant  sales  construction  engineer.   Pangborn   Corp., 

Hagerstown,  Md. 
Wagner,  W.    C,   district   mannv        /oung    Bros.    Co.,    Cleveland. 
Waite,    D.    H.,    foundry    supci..    .tuent,    Geneva    Metal    Wheel     Co., 

Geneva,   O. 
Waldren,  Alexander  R.,  Toronto  representative,   E.  J.  Woodison   Co., 

Toronto,  Ont. 
Walker,  Eldridge,  general  sales  agent.  The  Thomas  Iron   Co.,  Hoken- 

dauqua.  Pa. 
Waldo,  F.  J.,  representative,  Rogers   Brown  &   Co.,   Cincinnati. 
Walker,  H.  H.,  foreman,  Essex   Foundry,  Newark,  N.  J. 
Walker,   J.    B.,    foundry   superintendent.    Green    Engineering    Co.,    East 

Chicago,  Ind. 
Walker,  Robert,  superintendent.  Abendroth  Bros..  Port  Chester,  N.  Y. 
Walker,  Thomas  H..   salesman.  Geo.   G.   Pettinos.   Philadelphia. 
Wallace,  A.  L.,  sales  engineer.  Whiting  Foundry  Equipment  Co.,  Cleve- 
land. 
Wallace,  Robert  S.  B.,  foundry  superintendent,  National  Cash  Register 

Co.,   Dayton,   O. 
Wallincford.  H.,  assistant   superintendent.   Eastern   Malleable   Iron   Co., 

Troy.  N.  Y. 
Walter,    Rudolph,     factory    manager.    Sharpies     Separator    Co.,    West 

Chester,  Pa. 
Walton,  George,  secretary-treasurer.   Madison   Foundry   Co.,   Cleveland. 
Ward,  L^^o  T.,  salesman.  Jonathan   Bartley  Crucible  Co.,  Trenton,  N.  J. 
Ward.     William     P..     foundry     superintendent.     Kennedy     Valve     Co.. 

Elmira.    X.    Y. 
Wark,  W.  J.,  BuflFalo  manager,   E.  J.   Woodison    Co.,   BuflFalo. 
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Warner,  D.  P.,  works  engineer,  American  Steel  Foundry.  Franklin,  Pa. 
Warner,  O.  L.,  superintendent,  Eastern  Malleable  Iron  Co.,  Naugatuck, 

Conn. 
Warner,    Stanley,    foreman,    Weatherly    Foundry    &    Machine     Co., 

Weatherly,  Pa. 
Warren,  A.  G.,  general  superintendent,  J.  W.  Paxson  Co.,  Philadelphia. 
Warren,  D.  C,  manager,  New   England  district,   The  Iron  Age,  New 

York. 
Washburn,  F.,  foreman,  New  Haven  Sand  Blast  Co.,  New  Haven,  Conn. 
Waterfall,  Arthur  T.,  executive  Dodge  Bros.,  Detroit. 
Watson,  Lee  D.,  brass   foundry   foreman,   Fairbanks   Valve   Co.,   Bing- 

hamton,  N.  Y.  • 

Webb,  George  H.,  foundry  superintendent,  Troy  Engine  &  Machine  Co.. 

Co.,  Troy,  Pa. 
Webb,  J.  F.,  manager  molding  machine  department,  E.  J.  Woodison  Co.. 

Detroit,  Mich. 
Webb,   J.   H.,    superintendent,    L.   W.    Pond   Machine   &   Foundry    Co., 

Worcester,  Mass. 
Weber,  Louis   B.,  president   and   treasurer,   Elmwood    Casting   Co.,   St. 

Bernard,  O. 
Webster,  G.  C,  superintendent,  Geneva  Metal  Wheel  Co.,  Geneva,  O. 
Wedlake,  Edward  C,  Wedlake  &  Lamson,  Hoboken,  N.  J. 
Wegelin,  Charles,  vice  president  and  general  manager,  Dixie  Brass  & 

Foundry  Co.,  Birmingham. 
Wegelin,   Rudolph,    foundry    foreman,    Joubert    &    Goslin    Machine    & 

Foundry  Co.,  Birmingham. 
Weihreuch,  G.  a.,  superintendent,  Toledo  Steel  Casting  Co.,  Toledo.  O. 
Weigand,  William   H.,  superintendent,  Weatherly  Foundry  &   Machine 

Co.,  Weatherly,   Pa. 
Weiss,  O.  F.,   Philadelphia   representative.   Mum  ford   Molding    Machine 

Co.,  Chicago. 
Welchans,   B.    G.,   general    superintendent,    Stanley    G.    Flagg    &    Co., 

Stowe,  Pa. 
Weldin,  H.  F.,  district  manager.  Air  Reduction   Sales  Co.,   New   York 
Wellman,  H.  G.,  secretary,  Wellman   Bronze  Co..   Cleveland. 
Wellner,  William   R.,   Abendroth    Bros..    Port    Chester,   N.    V. 
Wells,  A.  E.,  shop  superintendent.  Sibley*  College,   Ithaca.  N.   Y. 
Welsh,  E.  C,  superintendent  foundry,  Norfolk  &  Western  Railroad  Co., 

Roanoke,   Va. 
Welton,  Frank  P.,  Jonathan  Bartley  Crucible  Co.,  Trenton,   N.  J. 
Wentworth,  a.  J.,  salesman,  Rogers  Brown  Co.,  Cincinnati. 
Wenzel,  F.   G.,   salesman,   Quigley   Furnace   Specialties    Co.,    Inc.,    New 

York. 
Werckman,  M.  M.,  salesman,  E.  J.  Woodison  Co.,  Detroit 
West,  C.  K.,  manager,  General   Electric  Co.,   Philadelphia. 
West,  R.  H.,  president.  West  Steel  Casting  Co..  Cleveland. 
Wheat,  Mentor,  salesman.  Arcade   Mfg.  Co.,  Freeport.   111. 
Wheeler,  E.  R.,  foreman.  Star  Drilling  Machine  Co..  Akron,  O. 
Wheeler,  K.  V.,  superintendent.  Electric   Steel   Co.,   Chicago. 
Wheeler,  R.  W.,  division  manager,   Cleveland   Osborn   Mfg.    Co.,   New 

Wheeler,  Ralph    E.,    foreman.    Bayonne    Steel    Castings    Co.,    Bayonne, 

N.  J.    ' 
White,  A.  F.,  consulting  metallurgist,  Packard  Motor  Car  Co.,  Detroit 
White',  DeGray,  Niles-Bement-Pond   Co.,   Plainfield.  N.  J. 
White^  Frederick   E.,  superintendent,  Central  Oil  &   Gas   Co.,  Gardner. 

Ma*;*;. 
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White,  Hubert  A.,  salesman,  Thomas  Iron  Co.,  Boston. 

White,  John  F.,  foundry  superintendent,  Hendey  Machine  Co.,  Torring- 

ton,  Conn. 
White,  John  R.,  superintendent,  J.  S.  White  Co.,  Pawtucket,  R.  I. 
White,  W.   H.,    foreman   of   foundries,   United    States   naval   ordnance 

plant,  Charleston,  W.  Va. 
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